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MINISTRY  NOTE 


This  report  was  produced  as  a  reference  document  for  the 
effluent  hmits  development  process  for  the  Ontario  Inorganic 
Chemical  Sector  (ICS). 

The  information  presented  will  be  used  as  a  basis  for  setting 
effluent  limits  based  on  Best  Available  Technology  for  each 
of  the  Ontario  ICS  plants. 

The  report  however  may  not  be  the  sole  basis  on  which 
limits  for  the  ICS  will  be  developed.  Other  sources  of 
information,  which  are  acceptable  to  the  ICS  Joint  Technical 
Committee,  may  also  be  used  in  the  limit  setting  process. 

The  views  and  ideas  expressed  in  the  report  are  those  of  the 
author  and  do  not  necessarily  reflect  the  views  and  poUcies 
of  the  Ministry  of  the  Enviroimient,  nor  does  mention  of 
trade  names  or  commercial  products  constitute  endorsement 
or  recommendation  of  their  use. 
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Section  1 
INTRODUCTION 


1.1  BACKGROUND 

The  Ontario  Ministry  of  the  Environment's  (MOE)  Municipal-Industrial  Strategy  for 
Abatement  (MISA)  program  was  initiated  in  1986  to  strengthen  the  controls  on  water 
pollution  in  the  Province.  The  ultimate  goal  of  the  MISA  program  is  the  virtual  elimin- 
ation of  persistent  toxic  contaminants  from  all  discharges  to  Ontario's  waterways. 

The  first  phase  of  the  MISA  program  involved  the  development  of  effluent  monitoring 
regulations  for  nine  direct  discharging  industrial  sectors.  These  regulations  require 
many  direct  dischargers  to  monitor  flows  and  contaminants  in  their  point  source  dis- 
charges. The  second  phase  will  involve  the  development  of  effluent  limits  regulations 
for  each  of  the  nine  industrial  sectors. 

In  order  to  develop  effluent  limits,  pollution  control  technologies  available  to  the  indus- 
try for  removal  of  contaminants  must  be  evaluated.  Furthermore,  the  financial  and 
economic  impacts  of  these  technologies  on  the  industry  must  be  known.  The  best 
available  technology  (BAT)  economically  achievable  (EA)  for  the  industry  can  then  be 
determined  and  will  form  the  basis  for  setting  effluent  limits. 

To  this  end,  the  MOE  called  for  a  two  phase  study  to  develop  an  inventory  of  BAT 
applicable  to  plants  in  the  Ontario  Inorganic  Chemical  Sector  (ICS),  as  follows: 

•  Global  Study  -  Development  of  an  inventory  of  BAT  applicable  to  the 
Ontario  ICS  plants,  through  a  search  carried  out  in  Canada,  U.S.,  Europe 
and  elsewhere. 

•  Ontario  Study  -  Evaluation  of  predicted  performance  and  estimated  costs 
of  the  recommended  BAT  options  if  installed  at  each  Ontario  ICS  plant. 

This  report  presents  the  results  of  the  Global  Study. 

1.2  ONTARIO  INORGANIC  CHEMICAL  SECTOR  OVERVIEW 

There  are  27  plants  in  the  Ontario  ICS,  ranging  from  small  single  product  operations  to 
large  multi-products  facilities.  With  few  exceptions,  each  plant  is  unique  in  terms  of 
size,  products  manufactured  and  wastewater  generation  and  management.  The  follow- 
ing broad  categories  represent  the  range  of  plants  included  in  the  group: 

•  Industrial  gas  (6  plants) 

•  Abrasives  (4  plants) 
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Nitrogen  fertilizers  and  nitrogen  products  (4  plants) 

Carbon  black  (2  plants) 

Phosphate  products  (2  plant) 

Soda  ash  (1  plant) 

Hydrofluoric  acid  and  chlorofluorocarbons  (1  plant) 

Aluminum  chloride  (1  plant) 

Chlor-alkali  (1  plant) 

Mineral  wool  insulation  (1  plant) 

Carbon  and  graphite  electrodes  (1  plant) 

Industrial  liquid  and  gas  packaging  (2  plants) 

Explosives  (1  plant). 

Wastewater  generated  within  the  industry,  by  virtue  of  the  products  manufactured, 
contains  a  number  of  conventional  and  priority  pollutants.  Conventional  pollutants 
found  include  suspended  solids,  acids,  bases,  chlorides,  phosphorus,  fluoride  and  nitro- 
gen compounds.  Priority  pollutants  include  heavy  metals  as  well  as  organic 
contaminants.  Industry  effluent  flows  range  from  less  than  25  m^/d  to  greater  than 
250,000  mVd. 

Physical  chemical  treatment  processes  as  well  as  in-plant  water  management  measures 
are  currently  used  in  the  Sector  to  reduce  contaminant  loadings  to  receiving  waters. 
Currently,  some  plants  do  not  provide  treatment,  while  others  provide  varying  levels  of 
treatment.  Since  effluent  quality  varies  widely  between  plants,  so  does  the  range  of 
applicable  treatment. 

The  majority  of  the  ICS  plants  are  located  in  two  general  regions  of  Ontario:  the 
Niagara  Peninsula  and  south  western  Ontario  (Samia  area).  However,  there  are  a  few 
plants  outside  of  these  areas,  in  Sault  Ste.  Marie,  North  Bay,  Cornwall  and  Elmira. 


13  STUDY  DESCRIPTION  AND  OBJECTIVES 

The  purpose  of  the  Global  study  was  to  develop  an  inventory  of  Best  Available  Tech- 
nologies (BAT)  applicable  to  the  control  of  wastewater  (excluding  stormwater)  dis- 
charged directly  to  receiving  waters  from  Ontario  Inorganic  Chemical  Sector  Plants. 
The  information  on  each  technology  includes  sufficient  information  on  design,  limita- 
tions, performance  and  costs  to  allow  for  prediction  of  the  costs  and  performance  if  the 
technology  were  applied  to  selected  ICS  plants. 

Specific  study  objectives  were: 

1.  To  identify,  through  a  search  of  installations  in  Ontario,  Canada,  the  U.S., 
Europe  and  elsewhere,  technologies  which  could  provide  improvements  in  the 
effluent  quality  of  the  ICS  plants  towards  MISA  program  objectives. 
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4. 


To  provide  relevant,  selected  information  on  installations  identified  in  the  search 
with  in-plant  wastewater  controls,  such  as  chemical  substitution,  alternative 
manufacturing  processes,  best  management  practices,  water  reuse  and  recycle, 
etc.,  and  end-of-pipe  treatment  technologies. 

To  provide  sufficient  information  on  as-found  design,  performance  and  cost  of 
recommended  BAT  options  to  allow  projection  and  performance  and  estimation 
of  cost  of  each  option  if  implemented  at  the  Ontario  ICS  plant. 

To  prepare  a  report  of  study  methodologies  and  technology  inventory,  that  can 
be  used  as  a  reference  document  for  projecting  cost  and  performance  of  imple- 
menting options  at  Ontario  ICS  plants. 


1.4 


CONTENTS  OF  REPORT 


Section  2  of  the  report  presents  the  methodologies  used  in  the  Global  search  for  BAT, 
with  reference  to  tables  of  information  sources  in  Appendix  A.  Sections  3  through  6 
present  the  inventory  of  technologies  identified  as  potential  components  of  BAT 
options  applicable  to  Ontario  ICS  plants,  as  follows: 


Section  3 


Reports  on  global  site  visits  to  "sister"  plants,  with  available  details 
on  those  technologies  being  considered  as  BAT  options  are 
included  in  this  Section. 


Section  4 


This  Section  contains  reports  on  technologies  applicable  to  con- 
trolling wastewater  discharges  from  general  processes  such  as 
cooling  tower  blowdown,  boiler  blowdown,  water  treatment,  etc. 
which  are  not  specifically  product  related,  and  are  used  at  several 
plants  in  the  Sector. 

Also  included  are  reports  on  technologies,  not  found  at  "sister" 
plants,  but  were  considered  for  removing  specific  contaminants 
from  industrial  wastewater.  Technologies  were  selected  for  inclu- 
sion based  on  their  demonstrated  ability  to  remove  the 
contaminants  of  concern  firom  wastewater  with  similar  characteris- 
tics. 


Section  5 


Reports  on  those  technologies  that  were  identified  specifically  for 
an  Ontario  plant,  such  as  in-plant  changes,  recycle,  etc.  are 
included  in  this  Section. 
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Section  2 
STUDY  METHODOLOGIES 

Several  information  search  techniques  were  used  to  ensure  that  a  comprehensive 
approach  was  used  in  the  identification  and  collection  of  mformation  on  BAT  appUc- 
able  to  the  Ontario  Inorganic  Chemical  Sector.  These  techniques  mcluded: 

An  extensive  literature  search. 

A  search  for  "sister"  plants  in  Canada,  U.S.,  Europe  and  Asia. 

A  review  of  specific  technologies  applicable  to  certain  plants  in  Ontario. 

A  review  of  general  wastewater  treatment  technologies  applicable  to 
treatment  of  target  contaminants  in  effluents. 

Each  of  the  following  sections  describe  these  approaches,  with  reference  to  the  Usts  of 
information  sources  and  telephone  contacts  in  Appendix  A. 

2.1  LITERATURE  SEARCH 

One  of  the  first  study  tasks  undertaken  was  a  literature  search  aimed  at  identifying 
"sister"  plants  reported  in  the  literature,  identifying  wastewater  management  practices 
used  at  inorganic  chemical  manufacturing  plants  and  also  identifying  demonstrated 
technologies  for  advanced  treatment  of  chemicals  in  inorganic  chemical  plant  effluents. 

The  main  component  of  the  Uterature  search  involved  a  search  of  computerized  data- 
bases in  the  CANOLE'*  system.  Databases  searched  included: 

1  Engineering  Index  (EI)  and  Engineering  Index  Meetings  (EIM)  P^duced^ 
Engineering  Information  Inc.  These  databases  include  references  to  over  4  500 
primary  publications  and  papers  fi-om  2,000  technical  conferences  annually  from 
over  45  countries  in  25  languages,  covering  all  aspects  of  engineenng  and  related 
technology  areas. 

2  ELIAS  database  produced  by  the  Environment  Canada  Department  Library. 
Over  70,000  serials,  monographs,  conference  proceedings  and  technical  reports 
from  more  than  20  Ubraries  participating  in  the  Environment  Canada  Depart- 
mental Library  network  are  contained  in  this  database. 
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3.  The  NTIS  database,  produced  by  the  National  Technical  Information  Service  of 
the  U.S.  Department  of  Commerce.  This  database  contains  over  1.4  million 
references  to  U.S.  government  reports,  government  sponsored  translations, 
foreign  language  reports  and  U.S.  government  owned  patents  in  a  number  of 
technical  areas  including  environmental  pollution  and  control,  and  engineering. 

4.  The  CA82  and  CA87  databases,  produced  by  the  Chemical  Abstracts  Services  of 
the  American  Chemical  Society.  Over  four  million  references  to  journals,  pat- 
ents, books,  conference  proceedings,  theses,  technical  reports  and  government 
reports  cover  all  aspects  of  chemistry  and  chemical  engineering. 

Appendix  B  presents  a  list  of  key  words  used  in  the  searches. 

Titles  and  abstracts  produced  in  the  searches  were  screened  and  only  potential  relevant 
papers  and  reports  were  obtained.  Very  few  of  the  references  obtained  contained 
information  that  assisted  in  the  identification  of  BAT,  or  provided  information  on  the 
costs  and/or  performance  of  demonstrated  BAT  technologies.  Those  literature  sources 
referenced  in  the  study  are  included  in  Appendix  A.  The  poor  literature  search  results 
confirmed  that  very  few  wastewater  management  changes  have  been  implemented 
and/or  published  in  recent  years,  for  most  categories  of  inorganic  chemical  manufactur- 
ing.  This  was  the  general  report  from  contacts  in  North  America  and  Europe. 

A  number  of  other  literature  sources  from  CH2M  HILL  in-house  libraries  in  Canada 
and  the  U.S.  supplemented  information  retrieved  in  the  literature  search.  These 
included  government  publications  and  textbooks,  and  reports  and  papers  prepared  by 
CH2M  HILL  staff.  Referenced  items  used  in  the  study  are  listed  in  Appendix  A. 


22  SISTER  PLANTS 

A  search  aimed  at  identifying  BAT  in  use  at  inorganic  chemical  manufacturing  plants  in 
Canada,  U.S.  and  other  countries  was  undertaken  to  meet  the  study  objectives.  Specifi- 
cally, the  search  focused  on  technologies  applicable  to  Ontario  ICS  plants,  because  of 
their  demonstrated  use  at  "sister"  facilities;  those  which  are  similar  in  size,  products 
manufactured  and  complexity. 

The  search  for  "sister"  plants  covered: 

Ontario 

Canada,  outside  Ontario 

U.S. 

Europe 

Asia. 
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The  literature  search  described  in  Section  2.1  was  the  first  step  in  the  "sister"  plant 
search.  Several  other  activities  were  undertaken  as  part  of  a  comprehensive,  thorough 
approach  to  a  global  review  of  sister  plants.  These  are  described  in  the  following  sub- 
sections. 


2.2.1  SRI  Directory  Review 

The  SRI  International  Directories  of  Chemical  Producers  (1990)  contain  information  on 
products  and  addresses  of  companies  in  four  volumes:  Canada,  U.S.,  Europe  and  East 
Asia.  Limited  information  on  production  capacity  and  type  of  manufacturing  process  is 
also  presented.  Although  the  directories  only  contain  information  for  plants  who  are 
sponsors  of  the  Directory  of  Chemical  Producers  Program,  they  are  the  most  compre- 
hensive source  of  information  available.  In  addition,  the  Japan  Chemical  Directory 
(1987/1988)  published  by  the  Chemical  Daily  Co.,  Ltd.  was  reviewed. 

For  each  of  the  directories  examined,  lists  of  all  plants  considered  to  be  "sister"  to 
Ontario  plants  were  prepared.  For  the  Canadian,  U.S.  and  European  directory  review, 
these  lists  were  used  as  an  initial  reference  to  industry  plants  to  be  investigated. 

A  short  list  of  plants  in  Japan  to  be  investigated  was  also  developed.  A  contact  at  the 
Japan  Technical  Information  Centre  in  Washington,  D.C.,  was  requested  to  provide 
information  on  these  plants.  Information  was  not  received,  and  other  means  of  obtain- 
ing information  on  these  plants  were  not  available  within  the  time  frame  and  scope  of 
the  study. 


2.2.2  Canadian  "Sister"  Plant  Search 

Several  approaches  were  utilized  to  identify  "sister"  plants  potentially  demonstrating 
U.S.  BAT  in  Canada.  These  included: 

•  A  request  for  information  from  Ontario  Inorganic  Chemical  Sector  plants 
on  known  Canadian  "sister"  plants. 

•  A  request  to  Environment  Canada  for  identiJScation  of  well-operated 
inorganic  chemical  manufacturing  plants  across  Canada. 

•  Follow-up  with  contacts  provided  through  discussions  with  equipment 
suppliers,  other  plants,  etc. 

•  The  SRI  Directory  review,  described  in  2.2.1. 

•  A  review  of  the  literature,  described  in  2.1. 
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Each  potential  "sister"  plant  identified  was  contacted  by  telephone  and  information  on 
the  plant  processes,  wastewater  management  system,  and  effluent  limits  was  requested. 
"Sister"  plants  that  appeared  to  be  demonstrating  more  advanced  wastewater  manage- 
ment technologies,  or  which  were  discharging  better  quality  effluents  or  smaller 
contaminant  loadings  to  receiving  waters,  compared  to  Ontario  plants,  were  targeted 
for  site  visits.  The  telephone  contact  list  in  Appendix  A  includes  Canadian  plant  con- 
tacts that  were  made. 

Two  site  visits  were  made  in  Canada,  to  the  following  plants: 

1.  PPG  Canada  Inc.,  Beauharnois,  Quebec  -  Formerly  a  mercury  cell  chlor-alkali 
plant,  the  plant  had  recently  converted  to  a  membrane  cell  technology  oper- 
ation. Also  of  interest  was  an  acid  sulphide. precipitation  system  for  mercury 
treatment,  being  used  for  site  clean-up  of  the  former  mercury  cell  operation. 

2.  Simplet  Canada,  Brandon,  Manitoba  -  Several  wastewater  management 
methods  different  from  those  in  the  Ontario  operations  are  used  at  this  plant. 
These  include  the  use  of  nitrogen  solutions  as  ion  exchange  column  régénérants, 
evaporation  of  process  effluents  to  produce  saleable  nitrogen  solutions,  various 
pollution  prevention  systems  and  the  use  of  dilute  nitrogen  contaminated 
stormwater  for  fertigation. 

In  addition,  Cabot  Canada,  a  carbon  black  plant,  was  identified  to  be  demonstrating 
BAT,  and  was  considered  as  a  "sister"  for  Columbian  Chemicals.  Both  plants  were 
visited  as  part  of  the  Ontario  Study. 

A  discussion  of  the  site  visit  report  format  is  presented  in  Section  2.2.4.  Site  visit 
reports  are  contained  in  Section  3. 


223  "Sister"  Plant  Search  in  the  U.S. 


In  order  to  ensure  a  comprehensive  search  for  appropriate  "sister"  plants  in  the  U.S.  of 
interest  to  the  study,  several  information  collection  activities  were  undertaken.  These 
included: 

•  Telephone  contact  with  industrial  associations  representing  manufacturing 
plants  included  in  the  Ontario  Inorganic  Chemical  sector. 

•  A  meeting  with  the  U.S.  EPA  representative  who  was  responsible  for  the 
development  of  U.S.  BAT  regulations  for  the  inorganic  chemical  manu- 
facturing categories. 

•  A  review  of  the  SRI  Directory  of  Chemical  Producers. 


2-4 

TORyiNORG3/970.51 


•  A  review  of  NPDES  permits  for  all  plants  identified. 

•  A  request  for  information  on  U.S.  "sister"  plants  from  contacts  at  the 
Ontario  plants. 

•  Follow-up  contacts  to  equipment  suppliers,  etc. 

Telephone  contacts  were  made  for  all  "sister"  plants  identified  as  potentially  demon- 
strating U.S.  BAT.  Appendix  A  presents  the  contacts  that  were  made  in  the  U.S.  "sis- 
ter" plant  search. 

Three  site  visits  were  carried  out  as  a  result  of  the  search.  These  included: 

1.  Explosives  Technology  International  in  Seneca,  Illinois  -  This  plant  was  iden- 
tified as  the  only  explosives  plant  in  the  U.S.  with  a  similar  product  line  to  the 
Ontario  plant.  Several  wastewater  management  practices  exist  at  this  plant 
different  than  those  in  Ontario. 

2.  Allied  South  Works  in  Baton  Rouge,  Louisiana  -  A  similar  line  of  chlorofluoro- 
carbon  products  to  the  Ontario  plant  are  produced  at  this  plant.  Of  particular 
interest  was  a  steam  stripping  process  to  remove  volatile  contaminants  from 
effluents,  and  a  calcium  chloride  recovery  facility  to  recover  chloride  from  waste 
hydrochloric  acid  scrubber  effluents. 

3.  Allied  Signal  Hydrofluoric  Acid  Plant  in  Geismar,  Louisiana  -  The  Geismar 
plant  was  selected  because  it  has  a  well  operated  hydrofluoric  acid  plant  effluent 
treatment  system  which  represents  U.S.  BAT. 

The  site  visit  reports  are  discussed  in  Section  2.2.4. 


22.4  European  "Sister"  Plant  Search 

Several  "sister"  plants  in  Europe  of  potential  interest  to  the  study  were  identified  using 
a  number  of  approaches,  including: 

•  A  literature  search 

•  A  review  of  the  SRI  Directory  of  Chemical  Producers  in  Europe 

•  A  request  for  information  on  European  "sister"  plants  from  contacts  at 
the  Ontario  plants 

•  Contact  with  various  governmental  and  non-governmental  envirormaental 
agencies  in  Europe,  made  by  CH2M  HILL's  London,  U.K.  office. 


2-5 

TOR/INORG3/970J1 


From  the  above  search,  a  list  of  several  possible  "sister"  plants  was  developed.  The 
assistance  of  the  Ontario  Ministry  of  Industry,  Trade  and  Technology,  and  Department 
of  External  Affairs  and  International  Trade  Canada  was  requested  to  facilitate  contacts 
with  European  plants.  Both  of  these  agencies  have  officers  placed  in  several  European 
countries.  The  Ontario  Ministry  could  not  offer  any  assistance  to  carry  out  the  project. 
External  Affairs  participated  by  providing  contact  names,  phone  numbers  and  addresses 
for  plants  on  the  list. 

CH2M  HILL'S  London,  U.K.  office  staff  telephoned  each  of  these  plants  to  request 
information  on  their  processes,  wastewater  management  practices  and  effluent  limit 
requirements,  and  to  obtain  permission  for  a  site  visit.  A  list  of  contacts  is  provided  in 
Appendix  A.  Where  plants  were  unwilling  to  provide  information,  the  Ontario  Ministry 
of  the  Environment  and  the  Canadian  Chemical  Producers  Association  (CCPA)  were 
asked  to  facilitate,  whereby  letters  were  sent  to  target  companies  explaining  the  pur- 
pose of  the  study.  None  of  the  companies  contacted  were  willing  to  allow  site  visits, 
and  only  a  few  companies  provided  limited  information  on  the  plants  of  interest. 


2.2.5  "Sister"  Plant  Site  Visit  Information  Reports 

For  each  plant  visited  during  the  study,  site  visit  information  reports  were  prepared. 
The  purpose  of  the  reports  were  to  present  background  information  on  the  facility  with 
particular  focus  on  the  technologies  that  were  considered  BAT  and  potentially  applic- 
able to  Ontario  plants. 


The  in 


ormation  that  was  requested  for  each  facility  included: 

Plant  name  and  location. 

Manufacturing  processes  description. 

Plant  age/process  technology  age. 

Design  capacity  of  manufacturing  processes. 

Raw  materials,  major  products  and  bi-products  used  or  produced  at  the 
plant. 

Rates  of  water  use,  reuse  and  recycle. 

Wastewater  flow  rates  for  each  individual  production  facility. 

Descriptions  of  in-plant  treatment,  including  limited  relevant  technical 
design  specifications  and  performance  data. 

Influent  (raw  wastewater)  and  effluent  quality,  including  toxicity  data. 
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•  Concentration  range  of  pollutants  in  the  raw  wastewater  that  the  technol- 
ogy is  designed  and  shown  capable  of  treating. 

•  Known  limitations  and  applicability. 

In  addition,  for  technologies  included  in  the  recommended  BAT  options,  the  following 
information  was  requested: 

•  As-built  capital  and  current  operating  costs. 

•  Energy  requirements. 

•  Waste  disposal  costs,  if  any. 

•  Scale  range  of  plant  size  over  which  the  technology  is  applicable. 

•  Process  details  sufficient  to  allow  for  equipment  re-sizing  calculations  and 
the  estimation  of  present  day  cost  of  installation  at  other  plants. 

In  most  cases,  due  to  concerns  with  respect  to  confidentiality  or  due  to  unavailability  of 
data,  all  of  this  additional  information  was  not  provided. 

All  collected  information  was  documented  in  a  site  report.  Site  reports  for  all  plants 
visited  in  the  study  are  included  in  Section  3  of  this  report. 

23  TECHNOLOGY  REPORTS 

Technology  reports  were  prepared  to  provide  cost  and  performance  information  on 
technologies  applicable  to  wastewater  management  of  effluents  from  processes  that 
were  not  unique  to  the  manufacturing  facility.  Examples  of  these  include  cooling 
towers,  boilers  and  water  treatment.  In  this  section,  a  report  on  pumps,  pumping  sta- 
tions and  forcemains  was  also  included,  since  these  systems  are  often  required  for  BAT 
implementation.  In  addition,  there  were  many  categories  of  manufacturing  in  Ontario 
for  which  "sister"  plant  BAT  were  not  identified.  However,  effluents  from  several  of 
the  Ontario  plants  contain  contaminants  that  can  be  reduced  by  means  of  demonstrated 
technologies  used  in  other  sectors. 

Technologies  were  identified  through: 

•  Discussions  with  knowledgeable  CH2M  HILL  staff  in  Canada  and  the 

U.S. 

•  A  literature  search. 
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•  Discussions  with  industrial  contacts,  and  water  treatment  chemical  and 

equipment  suppliers  in  Canada  and  the  U.S. 

These  contacts,  and  CH2M  HILL  in-house  information  provided  costs  and  performance 
that  were  presented  in  each  report.  The  general  technology  reports  are  included  in 
Section  4. 


2.4       PLANT  SPECinC  TECHNOLOGY  REPORTS 

Information  was  provided  by  some  of  the  Ontario  Inorganic  Chemical  Sector  plants  on 
wastewater  management  technologies  being  considered  for  implementation  at  their 
plants,  or  specific  to  their  particular  plant.  Where  these  technologies  would  improve 
effluent  discharge  quality,  or  reduce  contaminant  loadings,  they  were  included  in  the 
inventory  of  BAT.  Consequently,  plant  specific  technology  reports  presenting  a  des- 
cription of  the  technology,  its  capital  and  operating  requirements  and  estimated  per- 
formance were  prepared.  These  reports  are  included  in  Section  5  of  this  report. 
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INORGANIC  CHEMICAL  SECTOR  GLOBAL  BAT  STUDY 

SIsTeR  plant  -  GLOBAL  SITE  VISIT  REPORT 

SIMPLOT  CANADA  LIMITED 

1.0  PLANT  SITE 

Simplot  Canada  Limited 
P.O.  Box  940 
Brandon,  Manitoba 
R7A6A1 

Primary  Contact:  Gordon  Collis,  P.Eng. 

Plant  Administrator 

Telephone:  (204)729-2870 

P3x:  (204)  729-2886 

Date  of  Visit:  July  19,  1991 

2.0  PIANT  DESCRIPTION 

The  Simplot  Canada,  Brandon,  Manitoba  plant  is  an  j^^JÇ^^^^^»^^ 
ufacturing  facility  with  the  active  PJant.covenng  about  12  hectares^^^^^^^^  ^^^_ 

site.  The  faculty  commenced  production  m  June  1967.  The  P^m  ^^^^^^^^^      ^^^^  ^^_ 
erous  expansions  and  incremental  upgrades.  At  present,  ^i^e  lac  uiy  c 

pha,e  and  -ionium  .h.osupha.e  —^^  o'^'  fj  e«  nrogen  comenT  products 

follows. 

3,0  PROCESS  DESCRIPTIONS 

Anhydrous  Ammonia  (Two  Plants) 
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another  catalyst  at  high  pressure  to  produce  ammonia.  The  ammonia  produced  is 
liquified  and  stored  at  atmospheric  pressure  in  an  18,000  torme  insulated  storage 
vessel.  Carbon  dioxide  by-product  from  hydrogen  products  is  recovered  using  mono- 
ethanolamine  stripping  and  is  utilized  onsite  in  the  manufacture  of  urea.  Surplus  car- 
bon dioxide  is  sold  to  a  Liquid  Carbonic  purification  facility  located  adjacent  to  the 
plant  site. 


Nitric  Acid 

Ammonia  is  oxidized  over  a  platinum  catalyst  to  produce  nitrogen  oxides.  The  oxides, 
with  air,  are  absorbed  in  water  in  an  absorption  tower  yielding  nitric  acid. 


Ammonium  Nitrate 

Ammonia  and  nitric  acid  are  reacted  to  form  ammonium  nitrate  solution.  The  am- 
monium nitrate  solution  is  stored  for  making  nitrogen  solution  products  or  it  is  concen- 
trated and  sprayed  through  a  counter  current  air  flow  in  the  prill  tower  to  form  spheri- 
cal prills.  The  prills  are  cooled,  coated  with  anticaking  agents  and  then  transported  by 
belt  conveyor  to  bulk  storage/sales. 


Urea 

Carbon  dioxide  recovered  from  the  hydrogen  production  and  from  liquid  ammonia  are 
reacted  at  high  pressure  to  form  urea.  This  concentrated  urea  liquid  is  used  to  make 
nitrogen  solution  or  is  concentrated  and  granulated  in  a  rotary  drum  granulator. 


Nitrogen  Solutions 

Urea  and  ammonium  nitrate  solutions  are  combined  to  form  28-0-0^  liquid  nitrogen 
fertilizers,  that  are  pumped  to  liquid  storage  tanks.  Up  to  1,400  tormes  per  day  are 
produced  during  peak  season. 


Liquid  Ammonium  Polyphosphate 

Ammonia  and  imported  polyphosphoric  acid  are  combined  in  a  pipe  reactor  to  form  a 


28  percent  nitrogen. 
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concentrated  solution  of  ammonium  polyphosphate  fertilizer  ^s  ^^^^^^  ^^^  f -; 
acteristics  10-34-0^.  During  peak  periods,  it  is  produced  at  a  rate  of  700  tomies  per 
day  is  produced  during  peak  consumption. 

Ammonium  Thiosulphate 

Molten  sulphur  is  burned  in  air  in  a  furnace  to  produce  sulphur  dioxide.  Sulphur  diox- 
T  1?H  rr^rnnnia  are  absorbed  in  water  to  form  ammonia  sulphite  m  an  absorption 
;t:"''™rrl™u:,':uîpL.e  so,..io„  is  .^en  ■.ac.ed  wi.h  .ddi.,ona,  a,o.,en  su.- 
phur  to  yield  an  ammonium  thiosulphate  solution  (12-0-0-26). 

4.0  WASTEWATER  MANAGEMENT 

4.1  Permit  Requirements 

SimDlot  Canada  utilizes  a  wastewater  management  approach  to  meet  the  terms  of  their 
M^n^fobrProlc  à  Wastewater  Discharge  License  No.  1273.  Wastewater  which  is  no 
^us  d  m  produc  o,  for  "fenigation"  flows  to  an  outfall  in  the  ^smibome  River  about 
2  5Ïm  from  the  plant,  through  a  system  of  pipes  and  natural  drainage  ditches^  The 
per^  allows  the'discharge  of  wastewater  meeting  -^^^  .^^te^M^molept^- 
the  period  of  September  15  through  May  15  each  year.  Dunng  the  ^^J^^  to  S^P^^^^ 
ber  15  period  each  year,  the  facility  may  not  discharge  wastewater.  Fertigauon  ponds 
provide  additional  storage  for  effluent  during  this  plant. 

The  permit  limitations  during  discharge  are: 

Total  nitrogen  204  kg/d 

Ammonia  nitrogen  91  kg/d 

Phosphorus  20  kg/d 

•  Sulphate  2,722  kg/d 

Residual  chlorine  1.4  kg/d 

.  pH  6.0-9.0 

Ponds  had  a  much  greater  capacity.  The  total  plant  sewer  monitoring  station,  which  is 
focaid  af  the  plant'fence,  is  equipped  with  continuous  pH,  ^-^-^^f  ^;^\^^'% 
nitroeen  monitors  and  alarms.  If  wastewater  quahty  exceedmg  pemut  levé  s  is 
Selected  h  is  diverted  to  fertigation  ponds.  This  effluem  water  is  used  for  "fertigation 
?Sis  Sows  the  facility  to  operate  without  wastewater  discharge  to  the  nver  dunng  the 
period  of  May  15  to  September  15  each  year). 


^  10  percent  nitrogen,  34  percent  phosphate. 
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4.2  Eflluent  Fertigation 

"Fertigation"  is  the  spray  irrigation  of  land  with  the  nitrogen  containing  wastewater. 
Simplot  has  used  this  disposal  technique  on  up  to  1,090  hectares  of  land  in  close  prox- 
imity to  the  plant.  In  general,  this  land  is  rather  poor  for  agricultural  purposes  with  its 
primary  use  being  the  production  of  forage  for  grazing  animals. 

Simplot's  permit  allows  the  application  of  a  maximum  of  224  kg  of  nitrogen  per  hec- 
tare only  during  the  period  April  19  to  October  15  each  year.  Current  practice  is  to 
apply  about  134  kg  per  hectare.  Each  field  that  is  used  is  sampled  in  ten  locations  at 
depths  of  0.3,  0.61,  and  1.22  meters  for  total  nitrogen  to  monitor  for  possible  ground- 
water problems  due  to  migration  (Each  field  is  limited  to  32.4  hectares). 

At  the  present  time,  Simplot  has  made  many  small  process  changes  to  the  wastes  that 
are  sent  to  its  concentrated  waste  pond  that  this  ponded  water  has  reached  concentra- 
tion levels  that  will  allow  the  sale  of  this  wastewater  as  fertilizer.  As  a  result  of  not 
needing  to  use  concentrated  waste  in  fertigation,  the  land  use  has  been  reduced  to 
about  405  hectares.  The  fertigation  project  uses  land  owned  by  private  farmers,  and 
fertigation  service  is  provided  at  no  cost  to  the  farmer. 


5.0  IN-PLANT  WASTE  RECOVERY  AND  MIMMIZATION 

Simplot  has  managed  to  meet  its  permit  limits  on  ammonia  nitrogen  by  avoiding  the 
discharge  of  contaminated  wastewater.  Figure  A2  of  the  Appendix  presents  a  flow 
diagram  that  identifies  the  plant  wastewater  recovery  system. 


5.1  Boiler  Water  Preparation 

The  well  water  used  to  supply  the  site  is  particularly  high  in  sulphate  (270  to  500 
mg/L). 

The  utilities  plant  uses  two  ion  exchange  systems  in  parallel  to  treat  water  for  use  in 
steam  generation.  Simplot  uses  ammonium  hydroxide  and  nitric  acid  produced  on  site 
to  regenerate  the  ion  exchange  resin.  The  effluent  solutions  from  are  regeneration  are 
placed  in  a  lined  pond  of  45,400  m-*  capacity.  At  present,  this  pond  receives  primarily 
this  regeneration  effluent  stream,  although  if  high  concentration  wastes  are  collected 
with  first-flush  stormwater  or  by  spill  cleanup,  they  would  also  go  to  this  pond.  At 
present,  the  pond  has  reached  a  nitrogen  level  of  2  percent  and  Simplot  can  sell  this 
material  at  this  concentration. 

A  2  percent  concentration  in  the  pond  was  achieved  by  installing  automatic  conductiv- 
ity controls  on  the  regenerate  cycle  so  that  clean  water  can  be  automatically  routed  for. 
use  as  cooling  tower  feed,  thus  avoiding  dilution  of  the  pond. 


TOR/INORG455/948J1  Simplot 


52  Feed  Water  for  the  Solutions  Plant 

Feed  water  for  the  solutions  plant  comes  from  a  number  of  wastewater  sources 
throughout  the  facility  as  indicated  below. 

1.  Clean  water  from  NH3  plant  oil  separator. 

2.  Well  water  from  groundwater  nitrogen  control  wells.  A  previous  tank  rapture 
led  to  loss  over  1,000  t  of  nitrogen.  Thus,  groundwater  pumping  is  being  util- 
ized to  prevent  spread  of  contamination. 

3.  Wastewater  from  all  washdown  in  urea  plant. 

4.  Scrubber  water  from  urea  plant  granulator  scrubber. 

5.  Ammonium  nitrate  contaminated  condensate  when  partial  recycle  urea  unit  is 
down  (this  stream  normally  goes  to  partial  recycle  urea  plant). 

53  Total  Recycle  Urea  Plant  Stripper 

Simplot  has  recently  added  a  steam  stripper  to  remove  NH3  on  the  condensate  from 
the  total  recycle  urea  plant.  The  stripped  water  is  now  routed  to  the  utilities  area  for 
reuse  as  boiler  feed. 


5.4  Stormwater  Management 

All  stormwater  from  the  active  site  is  collected  in  two  ponds  adjacent  to  the  final  total 
plant  effluent  monitoring  station.  The  first  of  these  ponds  contains  the  initial  volume 
of  stormwater  runoff  from  the  start  of  a  rain  event  referred  to  as  "first  flush".  If  runoff 
continues,  it  overflows  at  the  entry  point  to  a  second,  larger  pond.  These  ponds  are 
lined  with  approximately  1  meter  of  local  clay.  The  collected  water  is  sampled  and  can 
be  trucked  to  the  2-0-0  pond  if  the  concentration  is  high.  It  can  also  be  diverted  to 
fertigation  ponds  or  it  can  be  discharged  to  the  river  if  it  is  within  the  permit  limits. 

A  number  of  collection  sumps  are  located  at  points  in  the  plant  where  contaminated 
water  can  be  collected  and  hauled  to  the  2-0-0  pond.  The  solutions  shipping  area,  the 
building  roof,  and  immediate  surroundings  of  the  urea  plant  is  also  equipped  with 
these  sumps. 

Simplot  has  also  regraded  the  area  surrounding  the  plant  fence  so  that  runoff  from 
these  areas  does  not  enter  the  plant  collection  system. 
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5.5  Projects  Currency  Underway 

A  number  of  new  projects  are  underway  that  will  enhance  in-plant  recovery  and 
minimization  of  effluent  discharges.  These  include: 

1.  A  scrubber  is  being  installed  on  the  ammonium  nitrate  prilling  tower  to  cut 
down  losses  in  air.  The  scrubber  water  blowdown  will  be  routed  to  the  sol- 
utions plant. 

2.  A  small  evaporator  plant  will  use  vent  steam  from  condensate  recovery  systems 
to  evaporate  the  2-0-0  pond  water  to  6  percent  to  10  percent  nitrogen.  The 
evaporator  design  was  done  by  plant  engineers,  and  a  total  capital  cost  of 
$120,000  to  $150,000  is  anticipated. 


5.6  Future  Plans 

Simplot  is  evaluating  a  proposal  to  replace  the  two  existing  ammonia  plants  with  a 
state-of-the-art  820  tonne  per  day  unit. 


6.0  OBSERVATIONS 

This  facility  illustrates  the  effectiveness  of  in-plant  control  and  management  as  a  means 
of  attaining  a  reasonable  level  of  discharge  nitrogen  control.  The  use  of  the  fertigation 
holding  ponds  to  avoid  discharge  of  out-of-specification  wastewater  is  necessary  to 
make  the  system  work.  But  the  use  of  this  methods  depends  on  the  climatic  dryness  of 
the  area  and  free  donation  of  irrigation  water. 

Simplot  believes  that  the  cooling  tower  blowdown,  which  represents  70  percent  to  80 
percent  of  the  yearly  effluent  flow,  is  a  primary  source  of  ammonia  in  this  discharge. 
This  is  a  result  of  scrubbing  fugitive  ammonia  emissions  from  the  air. 


7.0  AUDIT  TEAM 

Dr.  A  (Tony)  Edmonds:      Project  Officer,  MISA  Office 
Ms.  Deborah  Ross:  CH2M  HILL 

Mr.  Leo  C.  Ehrenreich:       SAIC 
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INORGANIC  CHEMICAL  SECTOR  GLOBAL  BAT  STUDY 

SISTER  PLANT  -  GLOBAL  SITE  VISIT  REPORT 

PPG  CANADA  INC. 


1.0  PLANT  SITE 

PPG  Canada,  Inc.    ' 
Produits  Chimiques  Industriels 
C.P.  2010 

Beauhamois,  Quebec 
J6N  3C3 

Telephone:  (514)429-4641 

The  site  visit  was  arranged  with  the  co-operation  of: 

Mr.  William  Graybill 

Director  of  Environmental  Affairs 

PPG  Chemicals 

Pittsburgh,  PA 

Telephone:  (412)  434-3131 


Mr.  Oscar  Zamora 
Plant  Manager 
PPG  Canada 
Beauhamois,  Quebec 


Technical  Contacts: 

Mr.  Michael  (Mike)  Wolanyk 
Operations  Manager 
Beauhamois  Plant 

Mr.  Donald  Cowan 
Technical  Director 
Beauhamois  Plant 

Mr.  Yves  Denicourt 
Environmental  Engineering 
Beauhamois  Plant 

PPG  Canada 
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2.0  PLANT  DESCRIPTION 

The  PPG  Canada  racility  is  located  in  an  industrial  area  just  west  of  Beauharnois,  Quebec. 
It  is  separated  from  the  south  shore  of  Lac  Saint  Louis  by  a  highway  and  another  industrial 
facility.  Just  west  of  the  plant  is  the  Hydro  Quebec  Beauharnois  Hydroelectric  Station.  The 
site  was  originally  opened  by  Dominion  Tar  and  Alkali  (now  DOMTAR)  in  1949  with 
mercury  cells  of  a  Krebs  design. 

In  1955  the  facility  was  acquired  by  PPG.  In  March  of  1971  the  initial  unit  was  shut  down 
and  a  new  Uhde  design  mercury  cell  unit  with  slightly  higher  capacity  was  started  up  the 
same  day. 

The  mercury  cell  unit  was  shut  down  permanently  on  October  28,  1990  to  allow  the 
movement  and  incorporation  of  certain  equipment  in  a  new  membrane  chlor-alkali  unit 
based  on  ICI  technology  utilizing  DuPont  fluoropolymer  membranes.  The  new  unit, 
energized  on  December  18,  1990,  is  of  monopolar  design,  and  is  rated  at  200  ECU 
(electrochemical  units)  or  about  75,000  tonnes  per  year  of  chlorine  reported  by  the  plant. 

The  plant  has  also  manufactured  sodium  chlorate  since  1959.  In  1965  the  sodium  chlorate 
capacity  was  increased.  In  1981  a  new  sodium  chlorate  unit  designed  by  Chemetics  was 
added.  The  original  unit  was  shut  down  in  1985,  and  the  building  has  been  utilized  to  house 
the  new  membrane  cell  chlor-alkali  unit. 


3.0  PROCESS  DESCRIPTION 

3.1  Membrane  Technology 

This  plant  was  converted  from  a  mercury  cell  chlor-alkali  process  to  a  membrane  cell  chlor- 
alkali  plant  in  1990.  From  a  wastewater  perspective  this  will  result  in  the  elimination  of 
mercury  from  the  plant  discharge  when  the  decontamination  of  the  old  plant  and  the 
surrounding  site  is  completed.  The  Uhde  cell  plant  which  was  replaced,  had  been  in 
operation  since  1971  and  had  reached  an  age  where  it  was  becoming  difficult  to  maintain 
economic  operation. 

The  overall  economics  are  described  by  PPG  personnel  as  strongly  in  favour  of  membrane 
plant  technology  for  a  refurbished  facility.  The  elimination  of  environmental  and  safety  costs 
associated  with  mercury  control  are  among  the  positives.  The  decision  to  replace  the 
mercury  cell  plant  with  the  membrane  plant  was  not  taken  for  mercury  control  reasons, 
rather  it  was  the  overall  economics  at  the  site. 

The  factors  that  favor  membrane  technology  include: 
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Energy  saving,  due  to  an  advantage  in  initial  polarization;  mercury  ceUs,  32 
volts  membrane  cells,  2.4  volts.  In  addition,  over  the  life  of  the  ceU,  the 
membrane  cell  can  exhibit  a  higher  current  efficiency.  The  mercury  ceU 
exhibits  a  current  efficiency  of  about  94  percent.  The  membrane  cell  starts 
out  higher  but  deteriorates  as  the  membrane  is  fouled  (function  of  brme 
purity). 

Estimated  20  percent  savings  in  labour.  This  is  primarily  in  cell  room  labour 
associated  with  maintenance  and  reconditioning  of  cells  which  is  expected  to 
be  reduced  by  75  percent. 

Elimination  of  hazardous  landfill  cost. 

Elimination  of  mercury  monitoring  of  air,  water,  and  personnel. 

Eventual  elimination  of  operating  cost  of  mercury  treatment  facilities. 

Elimination  of  liquid  leaks  associated  with  cell  room  operation  since  system 
is  gas  tight  and  operable  without  the  liquid  seals  required  for  mercury  cells. 

The  process  is  more  efficient  in  that  complete  chlorine  recovery  in  the  Uque- 
faction  plant  is  possible  because  there  is  no  air  entrainment.  In  mercury  cells, 
because  the  system  is  run  under  negative  pressure  to  prevent  mercury  loss,  air 
is  present  in  chlorine  collected. 

The  conversion  at  Beauhamois  made  use  of  much  of  the  equipment  from  the  mercury  ceU 
^ant  ïhTresulted  in  the  facility  being  out  of  production  for  a  period  of  orUy  about  ^vo 
Months  The  project  was  made  more  economic  in  that  it  utilized  the  old  chlorate  p^nt 
buXg  he  old  rectifiers  and  transformers,  the  salt  storage  and  the  ongmal  bnne 
™;ion  equipment,  and  the  easting  liquification  facilities.  The  cost  of  the  project,  was 
reported  to  be  about  $40,000,000  (1990). 

The  economic  operation  of  a  membrane  plant  depends  heavily  on  brine.  Selected  salt 
sources  are  used  since  some  impurities  are  difficult  to  remove. 

Purifaction  utilizes  precipitation,  clarification,  and  ion  exchange  as  integral  parts  of  the 
operation  Deputed  brin'e  is  mostly  resaturated  and  recycled  to  the  ceUs,  and  only  a  small 
bleed  stream  is  removed  to  avoid  build  up  of  persistent  impunties. 

The  target  life  for  the  membrane  is  about  three  years.  The  wastewater  discharge  from  a 
membrani  plant  will  normally  include  non-contact  cooling  water  and  some  discharge  from 
the  brine  treatment  train  and  ion  exchange  unit. 

Overall,  wastewater  quality  is  similar  for  a  tnercury  cell  and  membrai,e  cell  facility  with  the 
exception  that  mercury  is  not  present  in  the  membrane  plant  discharge. 
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32  Plant  Decontamination 

The  decision  to  decommission  the  mercury  cell  allowed  consideration  of  decontamination 
of  the  site.  PPG's  approach  was  to  restore  the  site  so  that  it  may  become  mercury  free  and 
continuing  mercury  monitoring  would  not  be  required.  At  Beauhamois,  this  included  the 
decontamination  of  the  mercury  cell  sites.  All  equipment  contaminated  with  mercury  is  to 
be  cleaned  up  and  eventually  landfilled,  and  the  building  will  be  demolished  and  the  rubble 
landfilled.  The  site  was  also  known  to  have  some  subsurface  mercury  contamination  so  a 
plan  was  developed  to  decontaminate  or  place  soil  in  a  secure  landfill. 

In  1988  a  project  to  characterize  the  site  and  develop  a  restoration  plan  was  undertaken. 
A  plan  was  submitted  to  the  Province  of  Quebec  and  approval  received.  In  1989  permission 
was  granted  to  build  a  secure  landfill  on  PPG  property  about  0.5  km  from  the  plant.  The 
landfill  will  use  a  double  membrane  approach  with  a  leachate  collection  system  under  each 
layer.  The  decontamination  procedure  includes  cleaning  up  the  old  mercury  cells  and 
treating  the  mercury  bearing  wastewater  in  the  treatment  plant.  In  addition,  PPG  estimates 
that  about  150,000  m-*  of  soil  will  be  removed  and  tested  for  mercury.  The  site 
characterization  revealed  contamination  penetrated  as  much  as  about  8  meters  at  some 
points.  As  the  project  proceeds,  a  soil  washing  plant  will  be  used  to  clean  up  highly 
contaminated  soil.  The  treatment  method  is  under  patent  review  so  PPG  would  not  discuss 
the  process  details. 

The  final  step  in  restoration  will  be  to  dismantle  the  sulphide  precipitation  treatment  plant 
and  demolish  and  remove  that  building. 

The  criteria  being  used  for  how  materials  removed  are  handled  as  follows: 

1.  Any  waste  with  mercury  levels  less  than  8  mg/L  can  go  to  an  industrial  landfill 
(Province  of  Quebec  limit  is  10  mg/L). 

2.  Any  waste  with  mercury  levels  greater  than  8  but  less  than  50  mg/L  will  go  to  the 
secure  lined  landfill. 

3.  Any  waste  sampled  at  greater  than  50  mg/L  or  if  mercury  metal  is  visible  (even  if 
tested  below  50  mg/L),  it  will  be  treated  until  it  can  be  landfilled. 

The  site  restoration  project  is  expected  to  be  completed  in  1993  at  a  total  cost  estimated  at 
$30,000,000.  This  cost  would  be  incurred  even  if  PPG  ceased  manufacturing  at  the  site. 


4.0  WASTEWATER  TREATMENT 

4.1  Treatment  History 

•  Began  recycling  contaminated  streams  in  1969. 
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Built  alkaline  sulphide  precipitation  plant  in  1972  with  about  30  nP/d  capacity. 

Expanded  several  times  during  1970  as  more  contaminated  streams  were 
treated. 

1983-1984   put   in   groundwater  collection  system   to   treat   contaminated 
groundwater. 

1983-1984  made  decision  to  build  new  mercury  treatment  system  based  on 
precipitation  under  acid  conditions. 


4.2  Alkaline  Sulphide  Precipitation  System 

Although  this  system  has  been  shut  dowii  since  1984,  some  comments  on  its  operation  were 
offered  as  follows: 

•  The  system  used  an  activated  carbon  bed  to  remove  excess  chlorine  prior  to 
the  addition  of  the  sodium  hydrosulphide  (NaSH). 

•  The  filtration  was  performed  using  a  precoated  pressure  leaf  filter.  The  filter 
bed  was  found  to  be  prone  to  pinholing  and,  therefore  bypassing. 

•  It  was  observed  that  if  the  pH  was  high,  the  process  would  form  "polysul- 
phides",  which  are  much  more  soluble  than  mercuric  sulphide  (HgS)  and 
resulted  in  high  levels  of  mercury  in  the  effluent.  The  formation  of 
polysulphides  appeared  to  continue  for  some  time  even  after  the  pH  was 
returned  to  the  correct  range. 

•  The  facility  used  an  activated  carbon  treatment  for  final  mercury  polishing. 
About  25  percent  of  the  time,  it  appeared  to  be  adding  mercury  to  the  stream. 
At  other  times  it  appear  to  have  no  effect  or  to  provide  insignificant  removal. 
PPG  facilities  in  the  United  States  that  use  a  long  residence  period  pond  for 
sedimentation  report  good  results  with  carbon  treatment.  It  was  not  known 
if  sulphur  treated  carbon  was  used  in  the  United  States.  The  material  which 
was  used  at  Beauhamois  was  not  sulphur  treated. 

•  The  overall  impression  fi-om  the  plant  is  that  alkaline  sulphide  precipitation 
plant  are  difficult  to  operate  to  maintain  consistently  low  mercury  levels. 


43  Acidic  Sulphide  Precipitation  System 

Since  1984-1985,  this  facility  has  utilized  sulphide  precipitation  process  operating  under 
acidic  conditions  (pH  4  to  5).  The  design  has  been  adapted  from  process  developed  at  the 
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Oxychem  plant  in  Deerpark,  Texas.  The  plant  reported  a  total  implementation  costs  for  the 
new  treatment  plant  of  $4.5  million  (1985). 

The  main  reason  for  selecting  acid  sulphide  precipitation  process  were: 

1.  Soluble  polysulphides  would  not  be  formed,  thus,  increasing  the  mercury  removal 
performance. 

2.  Sulphides  of  other  metals  are  less  likely  to  precipitate  under  acidic  conditions. 

3.  Control  of  residence  times  gives  a  more  easily  filtered  precipitate. 

The  PPG  plant  is  still  being  operated  to  treat  contaminated  groundwater  and  surface  runoff 
as  well  as  wastewater  from  the  decontamination  work  on  the  plant.  These  stormwater  and 
groundwater  systems  were  designed  to  manage  either  a  25-year,  24-hour  maximum  storm 
event  as  well  as  the  25-year,  maximum  one-month  precipitation  event.  These  systems 
provide  capacity  to  handle  these  storm  flows  but  constant  attention  to  reducing  collected 
wastewater  is  required  to  manage  these  systems. 

The  treatment  plant  actually  receives  wastewater  from  three  collection  systems.  The  first 
handles  process  wastes  from  the  old  mercury  cell  room  area.  A  second  system,  referred  to 
as  the  Woodward-Clyde  trenches,  intercepts  and  collects  any  contaminated  subsurface  water. 
A  third  system  collects  stormwater  runoff  from  building  and  other  areas  of  the  plant  which 
have  been  found  to  be  contaminated. 

The  first  system  discharges  to  a  tank  with  approximately  380  m^  capacity,  located  outside 
treatment  plant.  The  tank  is  operated  at  about  one  third  capacity,  to  provide  an  additional 
buffer  to  handle  recycle  if  there  are  problems  in  treatment.  The  tank  is  agitated  by  pumping 
and  recycling.  This  provides  about  20  hours  of  equalization  for  the  treatment  plant  feed 
during  regular  operations.  The  water  collected  in  the  latter  two  systems  is  pumped  to  a  sec- 
ond tank  with  about  a  280  m-'  capacity,  also  located  adjacent  to  the  treatment  plant  building. 

The  treatment  plant  has  a  nominal  design  capacity  of  about  680  m'^/d,  with  maximum 
pumping  capacity  designed  for  950  m^/d.  When  the  mercury  cell  unit  was  operating,  the 
treatment  plant  was  handling  520  to  570  m^/d.  At  present,  the  plant  treats  about  270  to  330 
m^/d. 

Figure  Al  in  the  Appendix  presents  a  flow  diagram  of  the  process.  The  treatment  plant 
consists  of  four  agitated  tank  reactors  operating  in  series.  The  water  leaving  the  fourth 
reactor  goes  to  a  mix  tank  where  diatomaceous  filter  acid  earth  is  added  continuously.  The 
solids  are  removed  in  a  plate  and  frame  filter  press. 

In  the  first  reactor  with  a  nominal  five  minute  residence  time  at  design  rates,  NaSH  is  added 
and  excess  chemical  reducing  power  is  detected  by  an  electrochemical  sensor  probe  on  the 
discharge.  The  wastewater  pH  is  continuously  monitored  as  it  enters  the  second  reactor 
where  sulphuric  acid  from  the  chlorine  drying  process  is  added  to  bring  the  pH  to  the  4  to 
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5  ranee    The  second  reactor  also  has  a  nominal  five-minute  residence  t™»'  J^f J»^^ 
eac"orhaIa  15  minute  residence  time  and  pH  monitoring  on  the  discharge  so  that  the  pH 
Sn  be  maintamed  in  this  tank  in  the  4  to  5  range  by  the  addu.on  of  more  acd. 

The  fourth  reactor  has  a  residence  time  of  about  45  minutes  ^''has  a  provision  to  add 
additonal  NaSH  to  maintain  an  effluent  concentration  o  about  05  mgO- sulphide.  The 
sulphide  level  is  measured  indirectly  by  an  electrochemical  sensor  probe. 

•     1       .^,  „rr^h^c  anà  the  reaeent  feed  mechanism  are  connected 

analyzer. 

Effluent  from  the  forth  tanic  mUed^th  f^l'^^l^^^^^^r^^^^^Zf^::,:!^:: 

operating). 

The  filtrate  is  monitored  in-line  for  mercury  utilizing  two  analyzers  developed  by  JPG^  The 

results  differ,  analyzers  are  checked. 

The  result  obtained  by  the  analyzers  is  recorded  and  the  output  of  the  two  analyzers  is  used 
^^ontroî  vaTrin  the  discharge  line,  wh.ch  automatically  recycles  the  wastewater  to  the 
treatment  feed  tank  if  the  mercury  level  approaches  50  ^g/L- 

precipitation  treatment  plant  has  been  m  operation. 
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plant  effluents  were  less  than  20  jig/L.  Effluents  mercury  levels  exceeding  50  iig/L  would 
never  be  discharged,  as  these  would  be  recycled  to  front  end  of  treatment  process.  The 
plant  reports  that  effluent  concentrations  of  10  ng/L  or  less  are  achievable  under  good 
operation. 

The  solids  removed  in  the  filter  contain  approximately  1.5  percent  mercury  by  weight.  These 
wastes  are  currently  being  sent  to  a  secure  landfill  in  the  United  States. 

The  treatment  plant  is  set  up  to  be  operated  automatically.  The  same  operator  who  runs 
the  brine  saturators  in  the  brine  perfication  plant  also  runs  the  effluent  treatment  plant. 
The  mercury  analyzers  are  calibrated  each  weekday  by  an  instrument  technician. 

The  operation  of  the  treatment  plant  at  acid  pH  requires  special  precautions  because  of  the 
potential  hazard  of  a  hydrogen  sulphide  escape  (toxic/flammable).  All  drain  lines  are 
equipped  with  liquid  seals.  Reactors  are  covered  and  under  negative  pressure  to  prevent 
gas  form  escaping.  Off  gases  form  each  reactor  are  scrubbed  with  alkaline  solution  and 
vented  to  the  atmosphere  personnel  who  enter  the  building  carry  a  hydrogen  sulphide 
personnel  detector/alarm  and  monitors/alarms  are  located  at  strategic  fixed  locations  through 
the  building. 


S.O  OBSERVATIONS 

The  use  of  membrane  cell  chlor-alkali  technology  can  result  in  the  elimination  of  mercury 
discharges  from  a  chlor-alkali  facility  provided  a  successful  site  decontamination  project  is 
completed. 

The  effluent  mercury  removal  process  at  this  facility  appears  to  achieve  excellent,  consistent 
results.  Key  elements  identified  include  acid  pH  reaction  conditions,  large  plate  and  frame 
filter  presses,  continuous  filter  aid  addition,  continuous  mercury  monitoring,  and  recycle  of 
out-of-specification  wastewater.  Carbon  adsorbent  polishing  methods  proved  unreliable  and 
not  necessary  at  this  plant. 


6.0  AUDIT  TEAM 

Mr.  Peter  Paine:  Environment  Canada 

Dr.  A.  (Tony)  Edmonds:  Project  Officer,  MISA  Office 

Ms.  Deborah  Ross:  CH2M  HILL 

Mr.  Leo  C.  Ehrenreich:  SAIC 
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INORGAMC  CHEMICAL  SECTOR  GLOBAL  STUDY 

SITE  VISIT  INFORMATION  REPORT 

EXPLOSIVES  TECHNOLOGY  INTERNATIONAL 


PLANT  SITE 


ETI  (Explosives  Technology  International) 

Seneca  Works 

7700  West  DuPont  Road 

Morris,  IL  60450 


Primary  Contact: 
Telephone: 
Additional  Contacts: 


J.  D.  (Doug)  Puller 
Environmental  Affairs  Manager 

(815)  357-8711 


Robert  F.  Wenger 
Technical  Associate 

Michael  W.  Barendt 

Environmental  Coordinator,  Laboratory  Supervisor 


Date  of  Visit: 


July  10,  1991 


2.0 


PLANT  DESCRIPTION 


The  facility  is  located  in  a  rural  area  in  east  central  Illinois  on  the  south  bank  of  the  Illinois 
River.  The  manufacturing  area  is  located  centrally  on  an  approximately  5  square  kilometre 
site  to  provide  isolation.  The  site  had  been  in  continuous  use  for  the  manufacture  of 
explosives  since  1929  until  recently.  The  facility  has  been  operated  by  DuPont  in  the  present 
configuration  since  1976.  ETI  purchased  the  ammonium  nitrate  facility  along  with  the 
TOVEX^^  water  gel  explosives  facility,  and  ammonium  nitrate  fuel  oil  (ANFO)  lines  when 
DuPont  exited  this  business  area. 

ETI  has  ceased  all  production  of  TO  VEX™  water  gel  explosives  at  the  Seneca  site.  The 
former  water  gel  plant  is  being  decommissioned  and  was  undergoing  decontamination  work 
during  the  visit. 

Current  production  at  the  site  is  limited  to  the  production  of  ammonium  nitrate  prills  fi-om 
anmionia  and  nitric  acid.  These  prills  are  specially  produced  and  priced  for  use  in 


TOR/INORG455/947.51 


ETI 


explosives.  An  emulsion  explosives  production  facility  is  operated  on  an  intermittent  basis 
as  required. 

The  southeast  corner  of  the  site  is  occupied  by  Reichhold  Chemical  Inc.,  who  operate  an 
acyclic  adhesives  manufacturing  facility.  This  plant  discharges  to  the  ETI  plant  ditch  which 
also  receives  all  ETI  process  wastewater  and  stormwater  runoff. 


3.0  PROCESS  DESCRIPTION 

The  facility  manufactures  nitric  acid  by  burning  ammonia,  which  is  received  by  pipeline  from 
a  storage  tank  located  on  an  adjacent  property.  The  tank  is  served  by  barge  from  a  U.S. 
Gulf  coast  source  of  ammonia.  The  acid  produced  is  reacted  with  ammonia  to  form 
ammonium  nitrate  which  is  prilled  on  site  at  the  rate  of  about  560  tonnes/d.  Additives  and 
prilling  conditions  are  controlled  to  produce  prills  which  are  physically  robust  and  absorb  oil 
easily,  for  use  in  ANFO  explosives.  These  prills  can  be  sold  at  a  premium  when  compared 
to  prills  for  fertilizer  uses. 

The  water  gel  explosives  facility  at  this  site  is  being  decommissioned.  It  no  longer  produces 
product  or  wastewater.  The  emulsion  explosives  plant  which  produces  oxidants  and  blasting 
agents  is  only  operated  intermittently  as  demand  requires.  It  also  produces  virtually  no 
wastewater.  No  other  explosives  operations  are  in  production.  Virtually,  all  wastewater 
generated  on  site  is  from  a  product  of  the  ammonium  nitrate  operations  and  surface  runoff. 


4.0  WATER  MANAGEMENT 

4.1  Water  Supply 

Wells  supply  3,000  mVd  for  all  process  related  uses. 

4.2  Sources  of  Wastewater 

Figure  A-a  in  the  Appendix  presents  an  overall  layout  map  from  the  facility.  The  plant 
ditch,  a  natural  drainage  ditch  that  traverses  the  site,  is  used  to  collect  all  process  wastewater 
and  runoff. 

The  NPDES  permit  application  filed  in  1987  which  describes  the  wastewater  flows  at  that 
time  is  included  in  the  Appendix.  At  the  present  time,  the  flow  from  the  "Overland  Row" 
process  is  zero  and  the  flows  from  the  water  gel  plant  and  the  emulsion  plant  are  virtually 
zero.  The  sanitary  flow  is  small  and  will  be  further  reduced  as  a  result  of  a  reduced  labour 
force. 
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43  Sewer  Segregation 

All  process  and  storm  flows  enter  the  same  collection  system. 

5.0  WASTEWATER  TREATMENT 

5.1  Sanitary  Wastewater 

Sanitary  wastewater  from  the  facility  and  the  adjoining  Reichhold  plant  are  treated  in  small 
package  plants  and  then  discharged  to  the  plant  ditch. 

5.2  Process  Wastewater  Pretreatment 

The  plant  does  not  employ  any  wastewater  pretreatment  processes. 


S3  Wastewater  Management  and  Treatment 

This  facility  is  utilizing  a  series  of  naturally  occurring  ponds,  which  had  formed  on  the  flat 
lands  adjoining  the  Illinois  River,  for  treatment  of  their  wastewater.  Figure  A.1  shows  the 
relative  size  and  location  of  the  ponds.  The  facility  has  a  45  kg/d  limit  on  ammonia  nitrogen. 
The  inlet  of  Pond  1  and  the  outlet  of  Pond  2  (which  is  the  monitoring  point  for  their 
discharge)  are  sampled  daily  for  NH3-N  levels.  The  loading  at  the  discharge  is  calculated, 
and  the  loading  at  the  inlet  is  slowly  increased  or  decreased  depending  on  the  outlet  loading 
compared  to  the  allowed  45  kg/d.  The  loading  of  the  inlet  is  adjusted  by  flow  control  on  the 
discharge  from  a  large  lined  storage  lagoon  or  when  necessary  by  restricting  the  runoff  flow 
from  the  area  which  was  formerly  used  for  overland  flow,  and  which  stiU  produces  a  high 
nitrogen  load  during  heavy  runoff. 

The  storage  lagoon  has  a  capacity  of  about  57,000  m''.  The  storage  lagoon  ammonia 
nitrogen  concentration  is  about  10,000  mg/L.  This  lagoon  is  used  to  accumulate  runoff  from 
contaminated  areas,  washdowns,  and  cooling  tower  blowdown  from  the  nitric  acid, 
ammonium  nitrate  production  areas.  During  winter  months,  the  pond  is  used  for  storage 
and  as  the  weather  improves,  the  level  of  the  pond  is  reduced  consistent  with  the  treatment 
capabilities  of  the  vegetation  in  the  ponds. 

During  the  site  visit,  influent  to  the  pond  system  was  90  kg/d  of  ammonia  nitrogen  and 
effluent  of  1.4  kg/d  was  discharged.  The  pond  inlet  loading  will  be  increased  gradually  to 
reduce  the  inventory  of  concentrated  waste. 

In  past  summers,  the  pond  system  has  handled  inlet  loading  rates  of  up  to  450  kg/d.  This 
ten-fold  reduction  is  reported  as  normal  for  summer  operation.  During  winter  months,  the 
ponds  still  achieve  about  a  two-fold  reduction,  but  the  loading  is  controlled  by  accumulating 
the  concentrated  waste  in  the  storage  lagoon.   During  the  past  12-month  period,  the  only 
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time  the  facilir  has  exceeded  the  45  kg  limit  was  for  several  days  in  March  1991,  which 
followed  a  period  of  prolonged  heavy  rain  and  some  lowland  flooding  along  the  river. 

Pond  1  is  covered  with  algae  growth  and  is  vegetated  with  grasses  and  cattails.  The  pond 
is  very  shallow  (about  0.5  m)  and  has  a  nominal  residence  time  of  one  day.  The  first  pond 
overflows  to  a  drain  in  the  area  that  separates  Pond  1  from  Pond  2.  The  second  pond 
provides  1  1/2-  to  2-day  holdup  with  a  depth  of  0.6  to  1  meters. 

During  the  winter  months,  Pond  2  tends  to  freeze  along  the  south  side  in  late  December 
until  late  February  and  short  circuits  somewhat  with  an  estimated  50  percent  reduction  in 
holdup  time. 

The  two  ponds  are  clearly  providing  a  nitrification-denitrification  treatment.  The  waste  from 
the  adhesive  plant  and  the  sanitary  sewage,  as  well  as  decaying  vegetation  all  combine  to 
provide  sufficient  organic  nutrients  for  the  process. 

In  the  past,  the  facility  used  a  land  farming  approach  in  which  the  concentrated  wastes  from 
the  lagoon  were  diluted  with  sufficient  fresh  water  to  bring  the  concentration  down  low 
enough  for  spray  application  on  grasses.  These  grasses  were  specially  selected  for  high 
nitrogen  uptake.  Tliis  treatment  method  was  abandoned  due  to  high  ammonia  levels  in 
storm  runoff  from  the  irrigated  fields.  The  discontinuance  of  this  practice  also  resulted  in 
a  10  percent  reduction  in  flow  to  the  pond  system. 

A  review  of  the  permit  record  for  the  facility  from  the  mid-1970's  discloses  that  discharge 
loading  was  in  the  500  kg/d  range.  The  45  kg/d  limit  was  eventually  imposed  after  an 
extended  period  of  hearings  and  appeals.  The  45  kg/d  limit  appears  to  be  related  to  an 
Dlinois  state  statute  which  required  that  the  load  of  pollutants  from  an  industrial  facility 
cannot  be  greater  than  the  load  produced  by  a  population  of  50,000  residents.  This  limit 
predates  the  federal  effluent  guidelines. 


6.0  MONITORING  DATA 

Appendix  B  is  a  copy  of  selected  parts  of  the  most  recent  NPDES  permit  application  for  the 
facility.  The  NPDES  Permit  No.  IL  0001767  covers  the  facility.  The  application  includes 
a  summary  of  monitoring  data  for  a  one-year  period  along  with  a  Priority  Pollutant  Scan. 
The  application  also  contains  limited  data  for  monomethylamine  and  monomethylamine 
nitrate,  substances  which  are  no  longer  in  use  at  the  site. 

Based  on  the  current  nominal  average  flow  of  about  3,000  m^/d,  the  outlet  concentration  at 
the  45  kg  load  limit  would  be  15  mg/L.  This  would  imply  inlet  concentrations  of  150  mg/L 
could  be  handled  in  the  summer,  and  30  mg/L  in  the  freeze-over  conditions  at  the  same 
nominal  flow. 
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7.0  BEST  MANAGEMENT  PRACTICES 

The  primary  reason  for  visiting  this  site  was  to  obtain  information  on  the  process  which  v^ 
used  to  recycle  off  spec  and  process  wastes  from  the  water  gel  manufacturmg  plant.  An 
open  burning  approach  safely  disposes  of  these  relatively  dangerous  wastes  but  has  some  air 
pollut^n  and  possible  contaminated  stormwater  runoff  problems^  The  ETI  Seneca  faculty 
was  forced  by  Regulators  to  abandon  the  open  burning  approach  about  25  years  ago  because 
of  the  smoke  from  the  paper  and  fuel. 

A  orocess  was  developed  by  the  Seneca  Plant  for  recovery  of  these  wastes.  The  con- 
Ira  ed  recovered  mtrate  solution  is  then  used  m  formulating  new  product.  The  mitml 
hydrolysis  of  gelling  agents  must  be  under  acid  conditions  and  therefore,  due  to  the  metals 
present  In  thi  was^  product,  there  is  considerable  potential  for  fire  or  explosion  of  fine 
aluminium  powder  present  in  other  products. 

Over  the  years,  they  have  had  minor  fires  in  this  hydrolysis  unit  on  three  0'^^^S'0"^^/^^^'^^ 
cTse  the  problem  was  contained.  A  flow  diagram  of  the  recycle  process  along  w^th  a 
narî'at^ve  description  of  the  process  is  provided  in  the  Appendix.  It  is  the  opmion  o  Roben 
W^neèr  of  ETI  who  is  familiar  with  the  development  of  the  recycle  process  as  well  as  the 
S  burning  procedure,  that  the  burning  process  is  much  less  hazardous  and,  therefore, 
should  be  preferred. 

8.0  OBSERVATIONS 

The  water  gel  recycle  process,  although  proven  feasible  by  successful  operation  at  the  Seneca 
Plant,  appears  at  best  marginal  ft-om  a  safety  standpoint. 

The  operation  of  the  plant's  wastewater  management  and  treatment  system  to  meet  the45 
Sd  of  ammonia  nitrogen  depends  upon  the  close  attention  of  the  f  ^^  P--^^  ^'^^^f^ 
approach  substitutes  labour  and  managemem  for  capital  and  technolos;^  T^LTo'am 
somewhat  vulnerable  to  rainfall  upsets  and  is  somewhat  dependent  on  a  cheap  orgaruc 
nuS  source,  but  it  does  demonstrate  that  even  simple  nitrification  processes  will  work 
on  wastes  from  an  ammonium  nitrate  plant. 

Durine  conversations  and  review  of  the  regulatory  record  with  ETI  persomiel,  it  was  found 
SuPon.  ta  the  mid-1970's  had  investigated  other  possible  approaches  to  managmg  fte 
frlorioad  at  Seneca.  This  was  during  a  time  frame  ta  which  DuPom  was  opposmg  *e 
45  ke/d  ammonia  load  limit.  An  approach  based  on  .on  exchange  which  was  to  recov« 
u  abf  conTntrations  (30-35  percent)  of  ammonium  ™"«f/°- ^VSTfrni  ogen 
water  was  evaluated.  It  was  thought  this  matenal  could  then  be  utilized  tor  nnroi™ 
toflLer  aoS tons  DuPom  actually  committed  to  the  approach  and  committed 
«  5M  000  to  buM  a  unit.  The  supplier  was  identified  as  the  Chemical  Separation 
CorpTa"  n  of  lioxville.  Tennessee.'  Early  in  the  project,  the  O-^'™  «i^.  ^"^^/^ 
becTuse  in  1976  a  fire  occurred  in  a  similar  Chemical  Separation  system  at  a  C-F  Industnes 
fac™Cha„anooga,  Tennessee  possibly  caused  by  overheating  durmg  regeneration  with 

^  ETI 
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nitric  acid/ammonia  solve  ts.  An  additional  problem  area  with  the  approach  was  in 
developing  a  plan  to  sell  or  dispose  of  the  concentrated  ammonium  nitrate  regenerate 
stream.  DuPont  incurred  considerable  expense  in  cancelling  the  project  and  in  its  place 
adopted  a  "land  farming"  approach. 


9.0  AUDIT  TEAM 

Ms.  Eleanor  Young  CH2M  HILL 

Mr.  Leo  Ehrenreich  SAIC 

Dr.  A.  (Tony)  Edmonds  Project  Officer,  MISA  Office 
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APPE>a)IX 

Figure 

NPDES  Abstract 

Water  Gel  Hydrolysis  Process 
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APPENDIX 
NPDES  Permit  Abstract 


DU  Pont  de  Nemours  S  Company 
MORRIS.  Illinois  60450 


iN'S-ES    »    FABRICATED    PRODUCTS 

ENECi    WOo^S 

700  VVES*    DU    PO'^T    ROAD 


April  15,  1987 

Illinois  Environmental  Protection  Agency 
Division  of  Water  Pollution  Control 
Permit  Section,  No.  15 
2200  Churchill  Road 
Springfield,  IL   62706 

Dear  Sirs: 

NPDES  PERMIT  NO.  IL0001767  RENEWAL  APPLICATION 

Renewal  of  our  current  NPDES  Permit  No.  IL0001767  is 
requested.   Completed  Forms  1  and  2c  are  attached. 

The  plant's  current  NPDES  Permit  No.  IL0001767  includes 
semiannual  monitoring  in  Special  Conditions  3  and  6  for: 

Barium  Mercury 

Cadmium  Nickel 

Copper  Oils,  Fats,  &  Greases 

Fluoride  Phenols 

Iron  Selenium 

Lead  Monomethylamine 

Manganese  Monomethylamine  Nitrate 

Based  upon  the  analysis  experience  that  has  now  been 
collected  for  these  materials,  it  is  requested  that  these  special 
conditions  be  dropped  from  the  permit. 

If  there  are  any  questions,  please  contact  me  at  (815) 
357-8711,  Extension  281. 

Very  truly  yours, 

J.  R.  BAKER,  MANAGER 


^.9.  PJi- 

J.  D.  Puller 
S-H-E  Coordinator 
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A.  Mrocs  (DuchMTfTj  to  Burfoe»  Watar) 


1 — I — I — I — I — I — I — I — I — I — I — r 
ILOO    01767 

— I__l ■■■■■■■■■■ 


O.  rso  (Air  EmiMtionj  from  Propoatd  Sources ) 

T — I — r 


N/A 


■.  uic  (Underground  In/ection  of  Fbtldt) 


K.  OTMCR  (tptdfyj 


T — I — I — I — I — r 


N/A 


A   1 


(tptetfy) 


See  attached 


c.  ncnA  (Haiardoui  Wutttj 


B.  OTHBii  (gpteifyi 


T — I — I — I — I — I — r 
N/A. 


T — I — I — I — I — r 
N/A 


9     R 


(tpeeify) 


Attach  to  this  application  a  topographic  map  of  tKie  area  extending  to  at  lean  one  mile  beyor>d  property  bounderiet.  The  map  mutt  ihc 
the  outline  of  the  fadlity,  the  location  of  Mch  of  iti  existing  and  proposed  intake  and  discharge  stnKtures,  aadi  of  tts  hazardous  wai 
treatment,  storage,  or  dispoul  facilities,  and  each  w«ll  where  it  injectt  fluids  underground.  Indude  all  springs,  rivea  and  other  surfa 
water  bodies  in  the  map  area.  See  instmctiorv  for  precise  requirements. 

XIL  NATURE  OF  BUSINESS  (pnM'/<*  « /w>«<  diœnp^ôÂT^HIi^^^^l^^^^HI^^^^^IHIH^Hi^^lHHH^^H 


Seneca  Works  is  a  chemical  manufacturing  plant  with  four  major  products:  Tovex® 
Water  Gel  Explosives,  Emulsion  Products  (oxidants  and  blasting  agents).  Nitric  Acid 
and  Ammonium  Nitrate. 

The  Adhesives  Manufacturing  Facility  (SIC  2891)  is  actually  Reichhold  Chemicals,  Inc.  whlcl 
was  formerly  owned  and  operated  by  E.  I.'  du  Pont  de  Nemours  &  Co.,  Inc.  The  discharge  froi 
this  operation  is  still  a  part  of  E.  I.  du  Pont 's  Discharge  001. 


XIU.  CERTIFICATION  to» «wtruc&ant;;^ 


i  efftify  undtr  panatty  of  kw  thst  t  havt  pertooêf/y  axsmintd  end  am  hmnitr  mfith  tht  ktfonruthn  mtbmltttd  ki  this  appJkatktn  anc 
attachmana  and  that,  baaad  on  my  Inquiry  of  thorn  paraont  immadiatafy  ratpomtbk  for  obtaining  tha  Information  containad  In 
application,  I  ballave  tftat  tha  information  it  true,  accurata  and  eomplata.  I  am  at^mn  that  than  ara  aignlHcant  panattiat  foraubrvlt 
falae  information,  kKfudinç  tha  potability  of  rata  and  impriaonmant 


A.  NAME  •  OFPiciAu  TiTuc  (type  Or  pruitj 

B.  A.  Beardwood,  Vice  President 
Fabricated  Products 


C.  DATE  SICNCO 


COMMENTS  FOR  OFFICIAL  USE  ONLY^ 
I     I" 


T — I — I—I — J — r— r 


EPA  I.D.  Number  -  ILD005467667 

E.  I.  du  Pont  de  Nemours  &  Company 

Seneca  Works 

7700  W.  Du  Pont  Road 

Morris,  IL   60450 


ILLINOIS  EPA  -  DIVISION  OF  AIR  POLLUTION 
OPERATING  PERMITS 


Current  Permit 


îration 

Application  No. 
Permit  No. 

Identification 
Number 

Issue 
Date 

Expiration 
Date 

11  Plant 

74060137 

063813AAE 

11/19/85 

9/18/90 

3  AOP 

72111200 

063813AAE 

11/21/86 

12/31/88 

>< 

74090092 

063813AAE 

12/24/84 

12/24/89 

6  Boiler 

73120060 

063813AAE 

6/22/83 

6/22/88 

1  Burning 
inual ) 

B8505030 

063813 

6/03/86 

6/02/87 

5  Boiler 

81020051 

063813AAE 

3/10/81 

10/09/90 

^vhh 


■>■  o-  Ivp»  .n  the  unih«3rd  I'rti  only 


!C 


J-i; 


Ut     CN  VinONMCNT  Al.   r«01  CCTION    A&INC  V 

^%    r"OA  APPLICATION  FOR  PERMIT  TO  DISCHARGE  WASTEWATER 

KT^  tZrVA  EXISTING  MANUFACTURING.  COMMERCIAL,  MINING  AND  SILVICULTURAL  OPERATIONS 

Consolidated  Permits  Program 


»Ai*^;^yw-'>«î?^vi.v'<^:*>r'WTÂ57ito^fe 


OUTFALL  LOCATION 


0'  f»:*-  Ou''»'  .  I'll  Ihf  Itl  tort»  *nd  long  lu3f  Ol  iH  location  to  thr  neami  15  tecondi  »nd  thf  ntme  ot  Ihf  recriving  water 


•      L  ATIT  uO( 


C     LONOITUOK 


D   KcctiviMS  tWATin  (ntmn 


001 


Al 


18 


30 


88 


3^ 


JO 


Illinois  River 


>4»j!!g^vyj&^i<^jr3ft!m»4s 


^■  .t»i» 


.^.-^ijr?' 


FLOWS.  SOURCES  OF  POLLUTION.  AND  TREATMENT  T£CMNOLOGIES^ 

ATiir'.  a  linf  drawino  ihovvcng  the  watef  flo«   throuoh  the  taciliiy.  Indicate  lourcej  of  intake  vvaiet.  operations  contributing  wantrtSter  to  the  e"  jr'", 

a-ic  trtaTieni  onus  Ijiaeled  to  correioond  to  the  more  detailed  descriptions  in  Item  B.  Construct  a  water  balance  on  the  line  drawing  by  i*iowinç  ave-d;: 

«lows  between  intakes,  operations,  treatment  units,  and  outfalls.  II  a  water  balance  cannot  be  determined  le.g-,  for  certain  mining  activitieii,  proviO:  < 

pictori»'  description  of  the  nature  and  amount  of  any  tources  of  water  and  any  collection  or  treatment  measures. 

For  eaC'  ojtfail,  provide  a  description  of     (1)  All  operations  contributing  wastewater  to  the  effluent,  including  process  wastewater,  sanitary  wastewater 

cooling  water,  and  storm  water  runoff.  (2)  The  average  flow  contributed  by  each  operation;  and  (3)  The  treatment  received  by  the  wastewater.  Continu' 

on  addition»!  sheets  if  necessary. 


OUT 

J     O^t  RATIOmSI   CONTRIBUTING    FLOW 

Ï     TREATMENT 

-UNO 
It.-/ 

a.  OPCR ATioN  'li<r/ 

b.  AVERAGE   FLOW 
(include  unitii 

•    DESCRIPTION 

a.  LIST  cooes  r  rc 

TABLE  IC-1 

No.    3  Nitric  Acid 

354.000  GPD 

Facultative  Ponds. 

3D 

3G 

1 

and   Ammonium  Nitrate 

Overland   Flow   (Sprav  Plots) 

3F 

Prill   Plant    (Boiler  and 

Cooling  Tower  Blowdovm  and 

Process  Water) 

Sanitary  Wastewater 

13,000  GPD 

Activated   Sludge, 

3A 

3G 

1 

Systems 

Facultative  Ponds 

Tovex®  Water  Gel  Plant 

16.000  GPD 

Facultative  Ponds 

3D 

3G 

L 

(Stormwater  Dike  Drainage, 

Cooline  Tower  Blowdown) 

P 

Emulsion  Plant 

29.000  GPD 

Facultative  Ponds 

3D 

3gL 

L 

(Stormwater  Drainaee. 

Non-Contact   CooHnE") 

1 

Power  House 

57.000  GPD 

Facultative  Ponds 

3G 

L 

(Boiler  Blowdown. 

1 

Water    Softening 

V 

Backwash") 

1 

r  ICI* 

L  USE  ONI.Y  itfflurnt  ÊUidetintt  tubcatfonrti 

11 

«"•f  u"»!'  »i»cr  »•»»«  ©"Iv 


I1D00S467667 


AppiO'êi  rtp-'ii  I  J' 


v-rEPA 


»     CN  VIRONMt  NT  AL    rnOT  CC  TIOr>    AC  t  NC  > 


APPLICATION  FOR  PERMIT  TO  DISCHABGE  WASTEWATER 

EXISTING  MANUFACTURING,  COMMERCIAL.  MINING  AND  SILVICULTURAL  OPERATIONS 

Consolidated  Permits  Program 


ocATios^;^,>:,-773gi^^^iiriaaftr'^y^w^ 


FALL  L 


:i  cu-'d 

!•»;  Ihf  lilt 

uO>    »nO  10 

no ludr  0 

III  lOCitiO"  10  Ihf  n»ire»t  16  IfCOndl  »r>d  Ih»  n»iTir  of  the  'fcuving  tMtte> 

TTrn- 

•     L  »Tn  UDC 

C     k.ON&ITUOC 

o    KCCCiviNC  wfATCw  (namrj 

•   ••• 

1     m.- 

•     la  < 

1     •«  & 

1   ••'- 

1     «ac 

1 

1 

!           1 

1         1 

1 

vs.  SOL 

;rces  of  PC 

LLUTIO^ 

;.  AND  TREATMENT  TECHNOLOGIES  3?.,i:^£4i^i^i^i^.iVi^:■.•:^■7^^^^:^^^ 

;•  Î  ii-ie  o-o.-.'-.ç  ir.cA.ng  Ihe  vva:e'  (low  ir.rouoh  The  (acihty.  Indicate  tources  o1  intake  xvaie',  opi-'ations  conmDutin:  wastemaier  tc  tne  e'-iuf-; 
treatmei:  un;tj  tatXieC  to  correspond  to  the  more  detailed  descriptions  m  Item  B.  Construct  a  nvater  balance  on  the  line  drawing  by  showing  avfa;; 
s  between  miakes.  operations,  treatment  units,  and  outlalls.  If  •  water  balance  cannot  be  determined  l*.g..  tor  certain  mining  actiritiesl.  provide  a 
)'■»   oeir'ict  or.  o'  the  natu'e  and  amount  of  any  sources  o<  water  and  any  collection  or  treatment  measures 


ea:-  outia  .  p^ovioe  a  description  o<  ID  Am  operations  contributing  wastewater  to  the  efduent.  including  process  wastewater,  jjmtary  wasle>vii« 
inç  wa:e-.  anc  «torm  water  runoO.  (2)  The  average  flow  contributed  by  each  operation;  and  13)  The  treatment  received  by  the  wastewater.  Conti-,, 
rr  tio-ia'  I'lef.s  i-  necessa'^ 


2     0»C  R  A  T  lOMIS  1    CONTRIBUTING    rLOW 

J     TRt ATMtNT                                                                                    | 

3 

«     OPERATION   ItiHI 

b     AVCRACC    FLOW 

tincludt  unilil 

•     OttCRIPTION 

D     LIST  coots  f  RO».   1 
TABl.1   ÎCI               1 

Reichhold   Chemicals,    Inc. 

46,000     GPD 

Flocculation, 

IG 

3G 

Plant    (Cooling  Tower 

Facultative  Ponds 

Slowdown,    Process  Water) 

Plantwide   Stonnvater 

269.000     GPD 

Facultative  Ponds 

3G 

Runoff 

Reservoir  Overflow 

216,000     GPD 

Facultative  Ponds 

3G 

•. 

riNt'tP  r  R O M  THE   FRONT 


crpi  io-  ito'm  runofl.  l««ki.  O'  (pilli.  art  «ny  ol  Iht  àitcharfti  dncnbcd  m  lltmi  ll-A  or  B  iniirmntent  or  m»oi.*I7 
^  V  t*  icnmplrir  ihf  follou  inf  lablr)  .  ^—o  (lu  Io  Sfenon  III) 


UTFALL 
JMBER 

(llill 


2.  opcration/;; 
contributing  flow 

fllSI) 


3.  FREQUENCY 


■    OAV» 

rCK   WtCH 

liprrH\ 
01  train 


b     MONTMt 

PI»  rtAm 

iiprcil- 
avrreici 


fLOW    RATI 

lin  midi 


b    TOTAL  VOLUMC 
Uprclty  wllh  unKii 


ATlOX 


RODUCTION 


^!îfe?ie©^*fe*^:«Sî«çft'«iï^>^i*^^^^ 


3o«i  »ri  ediufoi  Qu.Oe.ne  lim.tai.on  promuigaieû  Dv  EPA  unûer  SecKOn  304  o(  the  Clean  Water  Aci  apply  lo  your  lacMiiy' 

~  vcs  iiomplrle  llrm  III  Bi  QC'"®  "°  '"  ^"'""'  "'' 

Are  tnc  limitations  m  ihe  applicable  efllueni  guideline  expressed  m  terms  of  production  (or  othir  menun  of  operation)! 

[I^rcs  icompittc  Itrm  111  Cl  □"O  (lo  lo  Srclion  IV) 

H  you  answered  "yes"  lo  Item  lll-B.  Iisi  the  quantity  which  represents  an  actual  measurement  ot  your  level  o(  production,  expressed  m  the  terms  end  units 
used  in  the  applicable  effluent  guideline,  and  indicate  the  atleaed  outfalls 


1.  AVERAGE  DAILY  PRODUCTION 

X.  ArFCCTCD 
OUTFAUt-S 

(tpteih  ) 

Out  eutfoll  Humbrrt) 

^,  ■■;::..     :■    -..^       ■     -^ 

kre  you  now  required  by  any  Federal,  State  or  local  authority  lo  meet  any  impltmenution  schedule  for  the  construction,  upgrading  or  operation  of  waste- 
■ater  treatment  equipment  or  practices  or  any  other  environmental  programs  which  may  affect  the  discharges  detcribed  in  this  application?  This  includes. 
s  not  limited  to,  permit  conditions,  administrative  or  enforcement  orders,  enforcement  compliance  schedule  letters,  stipulations,  court  orders,  and  grant 


loan  conditions. 


Q'VCS  leomplrlt  Ihe  tollowini  table) 


Emo  <fo  (o  Ittm  IVB) 


NTiriCATION  or  CONDITION, 
ACnCCMCNT.  ETC. 


a.  AFFCCTKO  OUTrAl.t.S 


talSOUMCa   9^   •l«CH*M«K 


a.  «NIKr  DK8CNIPTION  OF  PROJICT 


I 


4 


JPTIONAL    You  rr«y  attach  additional  sheets  describing  any  additional  «vater  pollution  control  programs  (or  ottter  tnrirtytmtnXMl  project!  m*>icr>  mty  sfli 
■our  diicfiërget)  you  now  have  underway  or  which  you  plan.  Indicate  whether  each  program  is  now  underway  or  planned,  and  irxlicate  your  actual 


•  o    tio-m  runo'<.  it*^.i.  O'  iDiHt.  arc  «ny  of  thr  diKh*'0«i  dctcnbed  m  Ittmt  ll-A  or  B  mitrminent  or  Mitond? 


•  ALL  ' 
CR       I 


2    OPCRATION   j' 
CONTRIBUTING   TLOW 

IllilJ 


3.  rucOUENCV 


b     MOMTMS 


Hprnl\ 
01  rrafi  > 


c  Dun 

ATIO» 


OUCTION 


t^i^*«r>i?*isv;fj^t-^^ 


»n  fM.otn:  çu.Ofi-nj  i.miiai.on  piomuigaiecJ  Oy  EPA  unaer  Seciion  3CM  o(  the  Clean  Waie-  Aci  apply  \o  you'  lacihiy' 
~Tti'ro-^pUirlirmIIIB  |     Ino  flo  fo  Strlion  l\'i 

the  iimitaiionk  m  the  applicatiie  eMIuent  guideline  expreued  m  terms  o<  production  lor  ottier  mtësure  of  operêtionl7 
^  VCS  icomplrir  lien,  HI  Ci  iZJNO  ^fo  lo  Section  IV) 

lu  answered  "yes"  to  Hem  lll-B.  list  the  quantity  w^lch  represents  an  actual  measurement  o(  your  level  of  production,  expressed  in  the  terms  and  units 
d  in  the  applicable  effluent  guideline,  and  indicate  the  atlecied  ourfalls 


1 .  AVERAGE  DAILY  PRODUCTION 


».  ArrtCTtD 
ourrAULt 

(lUl  outfall  numbtrn 


you  non  rcQuireJ  by  any  Federal.  State  or  local  authority  lo  meet  any  implementation  schedule  for  the  construction,  upgrading  or  operation  of  masif- 
'  irtaiment  euuipment  or  practices  or  any  other  environmental  programs  which  may  affect  the  discharges  described  in  this  application?  This  includes, 
s  not  limited  to.  (wrmii  conditions,  administrative  or  enforcement  orders,  enforcement  compliance  schedule  Ictttrs,  stipulations,  court  ordert,  and  grant 
an  conditions. 


Qybs  Icemplele  the  followint  table) 


□  «o  r«o  fo  Item  IV-B) 


iriCATION  or  CONDITION. 
ACRCCMKNT.  CTC. 


a.  ArrccTco  ouTrAt.i.s 


bLftOWMO    •»    •|aCMA*«B 


».  ■Ricr  DEacnimoN  or  pitoiccT 


lONAL  Vou  may  attach  additional  sheets  describing  any  additional  water  pollution  control  programs  lor  other tetrironmenul pro/ecB  which  mty  affect 
■  Oitchtrgeil  you  now  have  underway  or  which  you  plan.  Indicate  whether  cacti  program  is  now  underway  or  planned,  and  iridicate  your  actual  or 
ned  schedules  lor  construction.      Qmark  "X"  if  DCSCWirTiON  or  additional  contwou  program»  is  attached 


BIOLOGICAL  TOXICITY  TESTING  DATA  :3>C-^*-t^,^yt7^-.2!^iTjl^/'a^O&>"'"-S? 

~  u  h»v»  «ny  knemlKJge  or  naion  to  belitwi  th*t  tny  biological  tt»t  lor  «cutt  or  efifonic  lOxieity  h»i  be«r>  m»o*  on  iny  ol  yout  di»ef«r9«»  O'  O"  a 


C'vinB  waifr  in  relation  to  your  diKharoe  wittMn  tht'lMt  3  yaan? 

^ytt  (idrniif-\  Ihr  Utile)  ond  drêrribf  Ihrlr  purpotrt  bfloul 


Emo  (to  to  Seetion  Villi 


OMRACT  ANALYSIS  INFORMATION 


/2&ijtH.v^J<gt-v;^yi^55»CS%*?^ 


e  any  o<  the  analyses  reported  in  Item  V  performed  by  a  contract  laboratory  or  consulting  firm? 

Ix"  vcs  Hut  tfit  name,  oddrtu.  and  telephone  number  of,  and  pollutonu 
analyzed  by,  each  tuch  laboratory'  or  firm  below  I 


Q^NO  (to  to  Section  IX) 


C.  TCLF»>^Ome 
(grro  code  i  no  ) 


D.   POLLUTANTS   ANALVZCO 

Hull 


B.  ADORCSS 


^RRO  Laboratories,  Inc. 


P.  0,  Box  686 
Caton  Farm  Road 
Joliet,  IL  60A3A 


!(815)727-5A36 


Reference 

Attachment 


ERT.MCAT.ON  «-^M^JggJlkgJil^igg^m^^B!^ 


vfy  under  penttty  otlawth»!  this  document  and  all  êrtêchments  ware  prepared  undermy  direction  or  supervision  in  accordance  with  a  Sfstem  designed  t 
/re  that  qualified  personnel  properly  gather  and  evaluate  the  information  submitted.  Based  on  my  inquiry  of  the  person  or  persons  who  manage  the  system  c 
e  persons  directly  responsible  for  gathering  the  information,  the  information  submitted  is.  to  tfte  best  of  my  knowledge  and  belief,  true,  accurate,  andeomplett 
I  aware  that  there  are  significant  penalties  tor  submitting  false  information,  including  tfte  possibility  of  fine  and  imprisonment  for  knowing  violations. 


HAMC  *  orriciAi.  TITUC  Itype  or  pnnti 

3.  A.  Beardvood 

l^ice  President  -  Fabricated  Products 


a.  PMONC  NO.  (area  codr  t.  no.) 


(302)   77A-3891 


»icnaXi-M>c 


y 


^' y\  h  s/j// 


O.  DATE   SICNCD 


-Hliô/fy 


lUf  D  rPOM  PACE  7 


crA  i.O.  NUM>tit  (COP)  from  I  It  m  I  ol  torm 

ILD005467667 


Approval  9àfnf 9$  7-3f-ê3 


^"Tm^s^z^g^fïïSMJi^^^Jk^kJ^s^ia^s^^ 


kKi  AND  EFFLUENT  CMARACTfcRISTICS 

I  C.       S*«  iniiructiont  before  prootding  —  Compltir  On*  tct  of  l»bl»t  for  «ich  Outfall  -  Annouir  iUt  outfall  number  m  tht  i 
NOTE     Tiblti  V-A,  V-B.  »nd  V-C  «re  included  on  wpariie  Ihem  numbered  V-1  through  V-9. 


f  the  loacr  beiovk  to  \>t\  any  of  the  pollut«nii  lilted  m  Tébl»  2c-3  o(  th»  innruciiont.  «wfMCh  vou  kno**  Of  hivt  fiJWn  to  btlir\M  II  ducharg^d  Of  m»v  bt 
icherged  from  eny  ourfeH.  For  ewry  pollutent  you  lilt,  briefly  de«cribe  the  reatont  you  believt  it  to  be  praieni  and  rapoa  any  analytical  data  m  you- 
ueoion. 


Pd-ULIT  AMT 


I    «ounce 


I      ►Ol.LUTANT 


t   touwcc 


jaethylamine 

and 
joethylamine 
Nitrate 


May  be  present  if  an 
uncontrolled  spill  occurred 
(area  is  diked) . 

Last  three  analyses  of 
total  MMA  and  MMAN : 

March  1986   LT   A  ppm 

June  1986   LT   1  ppm 

Jan,  1987   LT  1  ppm 

LT  (Less  Than) 


Ion  chromatography 
Best  experimental 


a  minimum  detection 
improvements  in  the 
have  lowered  the  mi^ 
1  ppm.  All  monitor 
absence  of  both  MMA 
detection  limits. 


as  selected  in  1985  9s  the 
method  for  this  analysis  with 

limit  of  A  ppm.   Subsequent 

method  through  experience 

imum  detection  limit  to 

ing  has  indicated  the 

and  MMAN  at  these  minimum 


ENTIAL  DISCHARGES  NOT  COVERED  BY  ANALYSIS^ 
pollutant  listed  in  Item  V-C  •  cubnanc*  or  a  component  of  a  cubciartce  which  you  currently  uaa  or  manulactura  ei  an  intarmadiata  or  final  product  or 
Juci? 


Q  YCt  (li'l  all  êuch  pollutanli  btlow) 


£]no  f/o  to  /l»m  VJB) 


ILD005467667 


E.  I.  du  Pont  de  Nemours  &  Company,  Inc. 
7700  W.  Du  Pont  Road 
Morris,  IL   60450 


VIII.  (D)  Pollutants  Analyzed  by  ARRO  Laboratories,  Inc 

COD 

TOC 

Color 

Fecal  Coliform 

Nitrate  -  Nitrite 

Nitrogen,  Total  Organic 

Phosphorus 

Sulfate 

Sulfide 

Sulfite 

Surfactants  '  * 

Aluminum 

Magnesium 

Antimony 

Arsenic 

Beryllium 

Silver 

Thallium 

Cyanide 

GC/MS  Fraction  -  Volatile  Compounds 

GC/MS  Fraction  -  Acid  Compounds 
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Lead 
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Chromium 
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PRIORITY  POLLUTANT  DATA 


EXPLANATION  SHEET 


Abbreviations 

N/A      =   Not  Applicable 

LT        =   Less  Than 


This  term,  is  used  when  the  analysis  indicates  the 
item  was  not  detectable  at  the  lower  limit  of  the 
analysis  method.   The  concentration  value  shown  is 
the  lower  detectable  limit  of  the  analysis  method. 


MGD      =   Million  gallons  per  day 
Mg/1     =   Milligrams  per  liter 
Lbs. /day  =   Pounds  per  day 
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APPENDIX 
Water  Gel  Hydrolysis  Process 
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HYDROLYSIS  TANK 


Equipment  ; 

The  hydrolysis  tank  is  an  externally  heated  and 
agitated,  37  rpm,  vessel.   Steam  heated  air  is  passed  through  the 
tank,  over  the  liquid  surface,  to  remove  hydrogen  and  provide 
some  evaporation.   The  exhaust  duct  contains  an  interlock  which 
activates  a  live  steam  sparge  into  the  air  space  of  the  tank  if 
the  air  flow  stops,  to  eliminate  the  possibility  of  forming  a 
flammable  mixture  of  hydrogen  and  air  during  the  hydrolysis  step. 
The  tank  is  fitted  with  automatic  temperature  and 

operator-activated  pH  control.   It  also  has  an  AN  prills  addition 
capability  for  use  when  bringing  the  salt  contents  to  75%.   The 
tank  exhaust  stack  is  fitted  with  an  air  space  high  temperature 
interlock  which  alarms  and  stops  acid  feed  at  85  C  and  starts  a 
water  deluge  at  95°C.   Tests  have  shown  that  the  steam  sparger 
will  not  activate  the  water  deluge,  even  with  the  exhaust  fan 
turned  off. 

Hydrolysis  Operation; 

Aqueous  waste  material  is  pumped  into  the  tank  from  the 
sump,  using  a  Wilden  pump.   The  salt  concentration  is  determined 
by  specific  gravity  and  the  maximum  salt  concentration  in  the 
system  is  16  1/2%.   Water  must  be  added,  if  necessary,  to 
maintain  the  concentration  below  this  level.   The  agitator  is 
started  and  steam  is  turned  on  to  the  jacket  to  heat  the  tank 
contents.   The  air  blower  is  turned  on,  and  nitric  acid  is  added 
to  bring  the  liquid  pH  to  1-2  pH  units.   The  contents  are 
digested  with  agitation  until  all  aluminum  has  reacted  as 
indicated  by  a  stabilized  pH  reading.   The  liquid  temperature 
reaches  as  high  as  110°C.   After  digestion,  the  tank  contents  are 
pumped  using  a  Wilden  pump,  to  the  rotary  vacuum  filter.   The 
tank  contents  are  not  allowed  to  drop  below  the  agitator  until 
essentially  all  suspended  solids  have  been  removed  by  putting  the 
filter  system  on  recycle. 

Recycle  Liquor  Production; 

The  90°C,  50-60%  salt  solution  is  pumped  from  the 
evaporation  tank  into  the  hydrolysis  tank,  using  a  Wilden  pump. 
The  agitator  is  turned  on  and  the  tank  contents  are  maintained  at 
80-90°C  while  A.N.  Prills  are  added  to  bring  the  total  salt 
concentration  to  75%.   The  resultant  recycle  A.N.  liquor  is  then 
pumped  to  the  recycle  A.N.  liquor  storage  tank,  using  a  Wilden 
pump . 


ROTARY  VACUUM  FILTER 

Equipment  ; 

The  equipment  consists  of  a  rotary  vacuum  filter. 
Vacuum  is  applied  by  a  centrifugal  mechanical  pump.   The  feed 
pump  is  fitted  with  a  pH  interlock  to  stop  the  feed  if  the  pH 
exceeds  7.0, 

Operat ion  ; 

The  filter  sump  is  filled  with  a  celite-water  slurry  and 
the  filter  agitator  is  started,  to  keep  the  solids  evenly 
dispersed.   The  filter  is  started  up  and  a  filter  cake  applied  to 
the  polypropylene  cloth  on  the  drum.   After  the  cake  is  applied, 
filtrate  is  adaed  to  the  filter  sump,  from  the  hydrolysis  tank, 
and  the  filtrate  circulation  pump  is  started.   The  solids  and 
some  celite  are  removed  from  the  drum  by  a  doctor  blade.   The 
solids  are  collected  in  fiberboard  boxes,  no  more  than  1  filled 
box  is  allowed  in  the  area  at  a  time.   While  in  the  area  the 
solids  in  the  boxes  must  be  monitored  for  temperature  to  assure 
that  no  exothermic  reaction  is  occurring.   The  boxes  are  disposed 
of  by  burial  in  the  contaminated  waste  landfill.   The  filtrate  is 
pumped  to  the  evaporation  tank  using  a  VIP  diaphragm  pump. 


EVAPORATION  TANK 
Equipment;  • 

The  evaporation  tank  is  an  externally  heated,  agitated 
tank  with  automatic  temperature  control.   Preheated  air  is  passed 
through  the  tank,  over  the  liquid  level,  to  provide  evaporation. 

Operation  : 

Filtered,  hydrolyzed  salt  solution  is  continuously  fed 
to  the  agitated  tank  when  the  rotary  vacuum  filter  is  in 
operation,  except  when  the  hydrolysis , tank  content  drops  to  lOM 
lbs.  at  which  time  the  hydrolysis  tank/filter  system  is  put  on 
recycle  with  the  filtrate  being  returned  to  the  hydrolysis  tank. 
The  recycle  phase  is  continued  until  the  suspended  solids  have 
been  removed  from  the  hydrolysis  tank  solution,   eliminating  the 
possibility  of  a  surface  cake  formation  when  the  tank  contents 
drop  below  the  agitator  level.   The  tank  contents  are  maintained 
at  lOM  lbs.  during  this  phase  by  addition  of  water  to  the  tank, 
as  required.   When  the  suspended  solids  have  been  removed  from 
the  hydrolysis  tank  solution,  the  filtrate  is  returned  to  the 
evaporation  tank,  until  the  hydrolysis  tank  has  been  emptied.   In 
the  evaporation  tank,  water  is  evaporated  from  the 
hydrolyzed/filtered  waste  evaporated  to  bring  the  salt 
concentration  to  60%  maximum.   The  evaporation  tank  contents  are 
maintained  at  90°C.   The  pH  of  the  solution  in  the  evaporation 
tank  solution  is  maintained  at  4.0-4.5  with  manual  addition  of 
26%  ammonium  hydroxide.   The  salt  solution  is  pumped  to  the 
hydrolysis  tank  using  a  Wilden  pump. 


RECYCLE  AN  LIQUOR  STORAGE  TAN'K 
Equipment  ; 

The  recycle  A.N.  liquor  storage  tank  is  an  internally 
heated,  agitated  fiberglass  tanX.   Temperature  is  automatically 
controlled  at  80-86°c  and  pH  is  manually  controlled  at  4.25-4.75 
by  the  operator.   The  system  is  fitted  with  a  recirculation  line 
to  enable  constant  recirculation  of  the  contents. 

Procedure  ; 

Recycle  AN  liquor  is  pumped  to  this  tank  from  the 
hydrolysis  tank,  using  a  Wilden  pump.   The  pH  is  manually 
adjusted  to  4.5-.25  pH  units  by  the  operator  adding  nitric  acid 
or  aqueous  ammonia  as  required  and  the  temperature  is 
automatically  controlled  at  80-86°C.   The  liquor  is  pumped,  on 
demand,  to  the  liquor  weigh  tank  inside  the  mix  pack  building, 
using  a  Wilden  pump. 


CHUB  FLOOR  SU^^ 

Equi  pment ; 

The  sump  is  Cor-Ockem  containing  concrete  catch  basin 
under  the  chub  floor.   Metal  grating  is  fitted  over  the  top  to 
enable  personnel  to  walk  over  the  sump  and  not  keep  water  or  gel 
from  dropping  into  it.   The  sump  contents  are  pumped  through  a 
recirculation  system  or  to  the  hydrolysis  tank  using  a  Wilden 
pump.   Because  of  the  presence  of  elemental  aluminum,  the 
generation  of  small  quantities  of  hydrogen  can  occur.   Because  of 
the  pH  of  the  solution  and  the  large  air  volume  above  the  sump, 
insufficient  quantities  of  hydrogen  are  generated  to  cause 
explosive  concentrations  in  the  building. 

Procedure; 

Washdown  water  from  the  mix  pack  and  chub  areas  and 
waste  water  gel  from  equipment  cleaning  are  collected  in  the 
sump.   Normal  total  salt  concentration  is  less  than  10%  and  the 
normal  pH  is  4.0-5.5.   The  maximum  allowable  salt  concentration 
is  16%  and  water  must  be  added  to  the  sump,  if  required,  to 
maintain  the  concentration  below  16%.   Lab  tests  have  shown  no 
safety  problems  for  salt  concentrations  at  21%,  however  the  16% 
maximum  limit  was  used  to  provide  a  safety  factor. 
Concentrations  are  measured  each  time  the  hydrolysis  tank  is 
charged.   The  material  is  pumped  through  the  recirculation  lines 
to  keep  the  solids  suspended  or  to  the  hydrolysis  tank,  when 
required. 

"Off  standard"  finished  product  can  be  added  to  the 
hydrolysis  tank  only  under  EOC  conditions  until  a  permanent 
procedure  is  issued  to  cover  this. 


INORGANIC  CHEMICAL  SECTOR  GLOBAL  BAT  STUDY 

SISTER  PLANT  TECHNOLOGY  REPORT 

COAGULATION/SETTLING/FILTRATION  PONDS 

AT  CABOT  CANADA  LIMITED 

1.0  DESCRIPTION 

The  «as.ewa,er  ,rea.n,em  sys.e.  a.  Cabo.  Ca-d^^^-^t'^ottVC^^'Jit  fj^ng  ^"d 
..onn  wa.er,  and  co„sis>.  of  l^^^^«^Z;r^,^TZil...xc.  sourcL.n 
filtration  in  a  series  of  ponds.  F""""''^^'"/"  ,".°'  "   /  ^his  treatment  svslem  provides 

storm  water  virtually  untreated. 

addition  system  is  activated,  and  the  coagulant  is  auuc  e 

wastewater  storage  tank.   Mixing  occurs  m  the  pipe  which  leads  to  the  settlmg  pon 

s:^^zrvtat^t;:r=:=t=tis;:;s 

aggregation  through  chemical  addition. 

The  coagulant  addition  system  at  Cabot  consists  of  the  following  components: 

Mixing  tank  for  coagulant  including  water  supply,  coagulant  dump  chute, 
mechanical  mixer  and  steam  coil  heater  to  prevent  freezmg. 

.  Automated  metering  pump  at  the  mixing  tank  discharge  which  is  activated 

whenever  the  effluent  pump  is  running. 

Associated  piping,  fittings  and  instrumentation. 
The  settling/fiUration  pond  system  is  ^^^-^ ^^^^^^^^  Jroulh^'riw 

œmrol  discharge  chamber  where  it  passes  over  a  fixed  we,r  pnor  to  discharge. 
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Settled  solids  accumulate  in  the  bottom  of  the  settling  ponds.  Since  two  ponds  operate  in 
parallel  for  both  the  settling  and  filtration  systems,  one  pond  may  be  cleaned  out  while  the 
other  is  in  use.  Each  pond  is  used  for  approximately  six  months  before  cleaning.  Solids 
accumulated  in  the  setthng  ponds  are  removed  by  a  vacuum  truck  and  placed  in  sludge 
drying  ponds.  Sand  from  the  filtration  ponds  which  has  been  fouled  by  suspended  solids  is 
also  removed  by  vacuum  truck  and  disposed  in  the  sludge  drying  ponds.  Once  dry,  solids 
are  disposed  off-site  in  a  secure  industrial  waste  landfill. 


2.0  ONTARIO  APPLICATION 

This  technology  is  being  considered  for  application  at  Columbian  Chemicals  Canada  Limited, 
for  the  treatment  of  two  storm  water  streams  currently  discharged  without  treatment. 


3.0  GENERAL  APPLICABILITY 

Widespread  use  of  coagulation/settling  has  been  reported  in  many  industrial  sectors, 
including: 

Pharmaceutical  manufacturing 
Iron  and  steel 
Organic  chemicals 
Metal  mining  and  refining 
Petroleum  refining 
Pulp  and  paper 

Limited  use  also  occurs  in  the  inorganic  chemical  sector  (U.S.  EPA,  1981). 

The  use  of  coagulation  enhances  settling  where  small  particles  would  not  otherwise 
aggregate  into  particles  large  enough  to  settle.  Its  application  is  not  limited  to  particular 
influent  TSS  concentration  ranges,  but  rather  depends  on  the  selection  of  an  appropriate 
coagulant  and  dosage  rate  for  the  type  of  solids  present. 

Granular  media  filtration  has  been  successfully  applied  in  a  wide  range  of  industrial  sectors 
(U.S.  EPA,  1981),  including: 

Inorganic  chemicals 

Iron  and  steel 

Metal  casting 

Pharmaceutical  manufacturing 

Petroleum  refining 

Metal  finishing 

Metal  mining  and  refining 

Pulp  and  paper 
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FiUration  technologies  are  generally  applicable  .o  ^--^^^twnVte^  ^n 

total  suspended  solids  but  «ill  not  be  effecttve  on  streams  ^""^'"^J^^V^^^,,  f^^ing  of 

:=trrr(us'^B'^ri°.«f^ 

pretreatment  to  the  filters. 

4.0  DESIGN  INFORMATION 

Coagulation 

A  H^c.a.  ratp  will  need  to  be  determined  through  the  use  of  jar  tests. 
^Jl^e^etrr  :"  >;  ap^Sr^e^trafor  typical  values  which  may  be  used  for  destgn 
Jî^oses    The  coagulant  and  dosage  used  at  Cabot  ts  eonfdenfal. 

Settling 

Typical  surface  loading  rates  for  settling  — l-^/^'^j-^^^f  ^^^^^^^^^ 

m/d,  depending  on  the  type  of  coagulant  used  ("-S-  EFA  »")■  ^-n  ^^ 

=rd-cS:^r:K^r^=^^^ 

^;^'^^drb;T'=^^re7umT  °^t  ^tne:^  -urab.  wtth  the 
typical  design  values. 

Filtration  Ponds 

The  surface  loading  rates  of  92  m/d  for  the  ponds  at  Cabot  are  based  on  the  discharge  pump 
ïï:rate  of  ll,30o'm3/d  and  the  surface  area  «f  the  sand  rnejum  ^^^^^^^^^^^f^ 
compares  favourably  with  typical  design  values  of  100  to  300  m/d  (U.b.  ti-A,  ivoi;  P 

sand  filters. 

Land  Requirements 

features: 

•  2:1  slope. 

.         3.0  m  depth  in  settling  ponds,  therefore  berms  are  12.3  m  wide,  including  a  0.3 
m  width  at  the  crest. 
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•  2.6  m  depth  in  filtration  ponds,  therefore  berms  are  10.7  m  wide,  including  a 
0.3  m  width  at  the  crest. 

•  The  distribution  trough,  overflow  manholes  and  discharge  chamber  are 
contained  within  the  confines  of  the  berms. 

The  land  area  used  for  the  sludge  drying  pond  is  1,300  m^. 

The  annual  amount  of  sludge  generated  for  disposal  in  the  sludge  drying  ponds  is  estimated 
at  900  m^.  This  estimate  is  based  on  the  following  assumptions: 

•  Annual  total  flow  of  760,000  m^  through  the  treatment  plant  calculated  from 
mean  flow  rate  measured  over  the  12  months  of  MISA  monitoring. 

•  Solids  are  generated  from  three  sources  in  the  treatment  system: 

Settled  solids  (assume  90%  removal  efficiency  and  5  mg/L  of  TSS 
discharged),  yielding  approximately  35  t. 

Settled  coagulant,  yielding  30  t. 

Fouled  filtration  sand,  yielding  20  t. 

•  Sludge  placed  in  the  ponds  at  10%  solids. 

This  amount  of  sludge  occupies  a  depth  of  approximately  0.7  m  in  the  pond.  Any  depth  less 
than  1  m  will  be  suitable  for  evaporative  drying. 

The  annual  amount  of  sludge  removal  from  the  drying  pond  is  approximately  250  m^.  This 
assumes  that  the  900  m^  placed  is  dried  to  35%  solids.  These  dried  solids  are  disposed  as 
a  hazardous  waste  in  a  secure  landfill. 


5.0  PERFORMANCE 

The  performance  of  coagulation/settling  and  filtration  systems  in  the  treatment  of  industrial 
wastewater  has  been  documented  by  the  U.S.  EPA  (1981).  Table  1  presents  available  data. 
Note  that  these  data  summarizing  a  range  of  applications  and  industrial  sectors. 

At  Cabot,  mean  TSS  effluent  concentration  for  the  MISA  monitoring  period  was 
approximately  5  mg/L  and  the  maximum  value  was  65  mg/L.  Minimum,  maximum  and  mean 
values  for  Priority  1  parameters  at  Cabot  are  presented  in  Table  2  to  show  the  type  of 
effluent  that  is  achieved  at  Cabot.  It  should  be  noted  that  the  treatment  system  targets  the 
removal  of  TSS.  Some  incidental  removal  of  metals  and  other  contaminants  may  also  result, 
but  the  extent  of  this  removal  cannot  be  determined,  since  to  influent  quality  has  not  been 
characterized. 
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Table  1 
Performance  of  CoagulationySettling  and  Filtration  Systems 


Technology 


Coagulaiioa/settling 
Filtration 


Effluent  TSS  Concentrations  (mg/L) 


Range 


2J-43 
<1  -7300 


Median 


28 
17 


Removal  Eflîdendes  (%) 


Range 


21  -799 
6  -99 


Median 


91 

76 


6,0  OPERATING  REQUIREMENTS 

The  primary  operating  requirements  for  the  coagulation/settling  pond  system  are  as  foUows: 
•  Supply  of  coagulant. 

Labour  costs  involved  in  maintaining  a  supply  of  coagulant  solution  m  the 
mixing  tank  for  metering  to  the  effluent  stream  and  in  transfemng  sludge  to 
the  sludge  drying  ponds. 

Energy  costs  for  the  effluent  pumping  system  and  the  automated  coagulant 
addition  system. 

Sludge  removal  from  the  settling. and  filtration  ponds  by  vacuum  truck  and 
disposal  costs  as  a  hazardous  waste  after  drying  in  sludge  drymg  ponds. 

Replacement  of  sand  in  the  filtration  ponds. 

One  of  the  major  advantages  of  a  filtration  pond  system  is  the  fact  that  it  «P^/^^"  P^^^^^^^^; 
All  flows  are  gravity  fed  to  the  system  and  the  level  control  discharge  chamber  acts  to 
reg^^ate  the  rafe  of  filtration.  The  only  major  operating  requirement  ot  note  is  the  cleamng 
described  above,  with  replacement  of  sand  as  required. 

An  alternative  to  the  use  of  sludge  drying  ponds  is  the  use  of  a  private  «jn^ractor  to  h^ul 
raw,  undried  sludge  offsite.  This  increases  the  vacuum  truck  operations,  but  ehmmates  the 
need  for  sludge  drying  beds  and.  hazardous  waste  disposal. 

7.0  CAPITAL  COSTS 

Table  3  presents  a  capital  cost  estimate  for  the  Cabot  filtration  pond.  The  total  system  cost 
of  S9S0,S00  -cludesjiœ^30^f^^^^^^^ 

Tyst  ^r^p^trb^^^^^^^^  HNr'  CClUnto)^^^  6,^  this 

C^translates  to  $982,000  in  1991  dollars,  and  compares  favourably  with  the  estimate 
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Tabla  2.  CABOT  CANADA 
SunsiBiy  of  Rows  and  Prtoiity  One  Pollutants 
MISA  Control  Point:  CO0100.  Rnal  affluent 
Descriptbn:  RBer  Bed  Effluant 

Contaminant   -•    -   ■     -"."''' 

Units' 

;  ;  Concentration  over  12  Montti -'- 

::^-'-':''nSanclnQPeifiad    -'v^ 

Lcadng 
0<Q^d)  .. 

MIranuir 

Maximum  1 

.  Mean 

Row 

m3/d 

335 

4500  1 

2070 

COD 

mç/L 

13 

231 

18 

51.328 

Cyanide 

mç/L 

0.001  1       0.037  1 

0.004 

0.008 

Total  Kjeidani  Nîtrcçen 

mç/L 

0.16  1            1.6  1 

0.51 

0.937  1 

Nitrate  &  nitnte 

mç/L 

0.025  1           1.1  1 

0.605 

1.123  1 

CGC 

mç/L 

0.3  1            13 

3.05 

1        5.955 

Soeclic  Concucance 

us/cm 

260  1     ■■    6100 

750 

Total  Susoenced  So  lies 

mç/L 

4.2  1            65 

4.37 

1      10.233 

Aluminum 

uç/L 

190  1         1600 

661 

1        1.391 

Cocoer 

ug/L 

4  1             48 

23.5 

1        0.051 

Strontium 

ug/L 

2  1           300 

169 

1        0.349 

Zinc 

uç/L 

4|           510 

73.6 

1        0.135 

SulDfiide 

uç/L 

30  1             30 

30 

1        0.096 

Gil  and  Grease 

mç/L 

0.S6               10 

1.24 

1        2.475 

Cnionde,  Unfillered  Reaaive 

mg/L 

14             430 

127 

1    213.352 

Sulphate.  Unfillered  Reactive            j   mg/L 

41               65 

•53 

154.518 
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presented  in  Table  3.  It  should  be  noted  that  unit  costs  are  provided  for  most  items  in 
Table  3,  but  that  a  number  of  site-specific  items  have  been  taken  into  account  as 
contingencies,  including: 

•  Wastewater  collection  piping. 

•  Effluent  outfall  piping. 

•  Roadways  (Costs  for  a  3  m  wide  roadway  between  the  ponds  are  provided; 
additional  roadway  access  may  be  required.). 

•  Any  buildings  required  for  storage,  etc. 

•  Utilities  such  as  water  and  electricity  if  required. 

It  should  be  noted  that  a  sludge  drying  pond  is  also  used  at  the  Cabot  site.  Capital  costs  for 
this  pond  were  unavailable  from  Cabot,  but  can  be  estimated  at  $172,000  based  on  the  1,300 
m'  area  and  berms  providing  1  m  depth  in  the  pond.  The  alternative  to  this  capital  cost  is 
the  disposal  of  pond  sludge  without  drying,  as  described  in  Section  6. 


8.0 


OPERATING  COSTS 


Table    4    summarizes    available    information    on    operating    costs    for    the    coagu- 
lation/settling/filtration system. 


Table  4 
Operating  Costs  for  the  Coagulation/Settling/Filtration  System 

liem 

Basis 

Cos!  ($1990) 

Coaguiaoi  supply 

•       as  reponed  by  Cabot 

1,250 

Labour  (including  cx>agulant 
and  sludge  handling) 

02  peison-year 

6,000 

Vacuum  Truck  Operations 

•       as  reported  by  Cabot 

24,000 

Dried  Sludge  Disposal 

•      85  t/ycar  of  hazardous  waste,  consisting  of  settled  solids, 
coagulant  and  waste  sand,  at  35%  solids,  disposed  for  $350A 

85,000 

Energy 

•      as  irported  by  Cabot 

3,000 

Saod  Replacemenl 

•       10%  of  total  volume  replaced  per  year  at  $20A 

300 

TOTAL 

•      rounded  to  nearest  hundreds 

119,500 

References: 

•  Lu.  1991. 

•  Pizans.  1991. 

« 
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If  a  private  hauler  were  used  to  remove  raw,  undried  sludge  in  order  to  avoid  the  use  of 
sludge  drying  ponds,  annual  costs  would  be  $310,000  (based  on  $320/m^  plus  $127/hour 
transponation  fee)  (A  &  A  Liquid  Waste  Removal  Company,  1991),  for  total  armual 
operating  costs  of  $320,500. 
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INORGANIC  CHEMICAL  SECTOR  GLOBAL  BAT  STUDY 

SISTER  PLANT  -  GLOBAL  SITE  VISIT  REPORT 
ALLIED  SIGNAL  INC.  BATON  ROUGE  SOUTH  WORKS 


1.0  PLANT  SITE 


Allied  Signal 

Baton  Rouge  South  Works 

Fluorine  Products  Division 

Engineered  Materials  Sector 

P.O.  Box  2830 

Baton  Rouge,  LA  70821 

U.S.A. 


Primary  Contact: 

Alan  T.  Roy,  Manager,  Pollution  Control 
Chesterfield  Office 
P.O.  Box  831 
Hopewell,  VA  23860 

Telephone:  (804)  530-6155 

Facsimile:  (804)  530-6777 


Baton  Rouge  South  Works  Contacts: 
Edward  C.  Calameri,  Plant  Manager 
Telephone:  (504)  346-3665 

Stephan  M.  Delo,  Manager  Technical  &  Environmental  Services 
Telephone:  (504)  346-3622 

Brian  C.  Berger,  Supervisor,  Chemical  Control  &  Environmental  Services 
Telephone:  (504)  346-3618 
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Amherstburg  Ontario  Plant: 

A.  R.  Sinclair,  Supervisor,  Environmental  Services 

Allied  Chemicals  Canada 

Division  of  Allied  Signal  Canada,  Inc. 

P.O.  Box  2000 

Amherstburg,  Ontario  N9V  2Z6 

Telephone:  (519)  736-6404 

Facsimile:  (519)  736-7704 


Date  of  Visit:  September  4,  1991 

2.0  PLANT  DESCRIPTION 


The  Baton  Rouge  South  Works  is  Allied  Signal's  largest  fluorocarbon  plant.  The 
facility  is  located  in  Baton  Rouge,  Louisiana  on  the  east  bank  of  the  Mississippi  River. 

The  Baton  rouge  South  Works  contains  three  production  units  for  the  manufacture  of 
Genetron'*  Fluorocarbons  22,  113/114,  and  1113.  In  addition,  Genetron  byproduct 
hydrochloric  acid  (HCl)  is  reacted  with  limestone  rock  to  produce  another  Baton 
Rouge  South  Works  product  calcium  chloride.  Genetron  products  are  packed  in 
returnable  and  non-returnable  containers  for  sale  in  the  refrigeration  wholesale  market. 
Calcium  chloride  is  transported  by  tank  truck,  rail  car,  and  barge  from  a  company 
owned  dock  at  another  location. 


2.1  Plant  History 

The  Baton  Rouge  South  Works  began  in  1945  with  a  four  furnace  hydrofluoric  acid 
operation.  This  plant  was  subsequently  expanded  to  six  furnace  operations  before  its 
shutdown  in  1983. 

In  1948,  the  first  Genetron  facihty  (G-152a)  was  started,  followed  one  month  later  by 
Genetron  142b.  In  1950,  the  Baton  Rouge  Development  laboratory  was  established. 
This  facility  functioned  until  1966,  and  was  the  major  development  facility  for  a  series 
of  fluorine  based  compounds.  These  included  Compound  A,  oxygen  difluoride, 
tungsten  hexafluoride,  uranium  hexafluoride,  hexachloroacetone,  hexafluoroketone, 
Genetron  13  and  23,  and  tungsten  granules.  These  products  were  manufactured  at  the 
plant  during  the  period  1957-1972. 
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In  1953,  sulphur  hexafluoride,  chlorine  trifluoride,  bromine  trifluoride,  and  liquid 
fluorine  were  first  produced  at  these  Works.  These  facilities  are  no  longer  in 
operation. 

The  first  major  Genetron  operation  began  with  the  production  of  Genetron  11  and  12 
in  1952.  In  1954,  the  startup  of  a  new  sulphuric  acid  plant  at  this  site  made  this 
operation  a  fully  integrated  chemical  operation.  The  Baton  Rouge  South  Works  no 
longer  produces  sulphuric  acid.  Allied  Signal's  only  G-113/114  and  G-1113  units  also 
began  operation  during  1954.  Genetron  22,  which  had  previously  been  manufactured 
in  the  G-12/11  equipment,  now  began  production  in  its  own  unit. 

The  VK  Polymer  operation  was  integrated  into  Baton  Rouge  South  Works  in  1961  and 
remained  until  1972  when  it  transferred  to  Elizabeth  Works. 

Baton  Rouge  South  Works  has  produced  a  large  number  of  specialized  fluorine  based 
chemicals  in  its  history.  Most  of  these  chemicals  have  been  discontinued,  and  for 
production  of  many  of  these,  large  scale  commercial  facilities  were  created  at 
Metropolis,  Illinois. 

The  calcium  chloride  production  unit  began  operations  in  1981  using  byproduct 
hydrochloric  acid  and  limestone  rock  as  raw  materials. 

The  facility  currently  has  approximately  160  full-time  employees. 


2.2  Product  Description 

Genetron  22,  chlorodifluoromethane  (CHClFj)  is  utilized  in  reciprocating  compressors 
for  package-type  air  conditioners,  home  freezers,  and  industrial  processes  requiring  a 
lower-temperature  refrigerant.   Most  home  air  conditioners  would  use  this  refrigerant. 

Genetron  113,  trichlorotrifluoroethane  (C2Q3F3)  is  used  in  low  capacity  centrifugal 
chiller  packaged  units.  It  operates  best  in  units  with  very  low  system  pressures  and  high 
gas  volumes.  An  additional  high  volume  use  of  this  material  is  as  a  cleaning  agent  and 
degreaser  in  the  electronics  industry. 

Genetron  114,  dichlorotetrafluoroethane  (C2a2F4)  blended  with  other  Genetron 
materials  is  used  as  a  propellant  system  for  pharmaceutical  products.  The  principal 
application  is  in  centrifugal  compressors  for  high  capacities  or  for  lower  evaporator 
temperature  process-type  applications. 

Genetron  1113,  trifluorochloroethylene  (CC1F=CF2)  is  primarily  used  in  the 
manufacture  of  high  polymer  thermoplastics.  It  can  be  used  to  polymerize  low 
molecular  weight  greases,  oils,  and  waxes  to  product  high  performance  lubricants  and 
hydraulic  fluids. 
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Calcium  chloride  (CaQj)  solutions  produced  at  the  plant  are  used  in  the  oil  industry  as 
completion  fluids,  packer  fluids,  and  work-over  fluids  as  well  as  a  drill  bit  lubricant. 


23  Process  Descriptions 

The  continuous  process  used  in  each  production  unit  is  similar  although  the  starting 
raw  materials  are  somewhat  different. 

In  the  case  of  G-22,  chloroform  is  reacted  with  hydrofluoric  acid  in  the  presence  of  an 
antimony  catalyst  system.  Chlorine  is  introduced  into  the  reactor  to  shift  the 
equilibrium  forward  more  of  the  deused  product.  In  each  instance  hydrochloric  acid  is 
produced  in  the  reaction.  The  hydrochloric  acid  is  scrubbed  from  the  gas  stream  using 
water.  At  Baton  Rouge  the  muriatic  absorbers  are  operated  to  produce  acid  levels  of 
32  to  33  percent  that  will  result  in  the  desired  38  percent  calcium  chloride  solution 
when  reacted  with  limestone.  The  gas  stream  is  further  scrubbed  using  caustic 
scrubbers  prior  to  its  release. 

The  liquid  product  is  removed  by  distillation  and  is  purified  by  further  distillation  steps 
as  necessary.  Reacted  raw  material  is  recycled  to  the  reactor. 

The  G-113  and  G-114  products  utilize  dichloroethane  as  raw  material  with  the  process 
very  similar  to  the  G-22  process.  Additional  distillation  steps  are  necessary  to  separate 
the  G-113  and  G-114  which  are  co-produced  in  the  same  reactor. 

G-1113  starts  with  methanol  as  a  raw  material  and  utilizes  a  zinc  catalyst  system  in  the 
reactor. 

Calcium  chloride  solution  is  produced  by  reacting  the  hydrochloric  acid  recovered  from 
the  Genetron  process  gas  treatment  system  with  limestone  in  fixed  bed  reactors.  Raw 
limestone  is  fed  to  four  reactors  operating  in  parallel.  The  hydrochloric  acid  also 
enters  at  the  top  of  the  reactor  and  flows  down  through  the  bed  of  limestone.  The 
calcium  chloride  solution  is  drawn  off  the  bottom  of  the  reactors  and  is  clarified  before 
being  stored  in  tanks  prior  to  shipment. 


3.0  WASTEWATER  MANAGEMENT  SYSTEM 

The  facihty  has  two  separate  wastewater  systems  serving  the  plant  area,  along  with  a 
sanitary  drain  connected  to  the  Baton  Rouge  municipal  system.  Figure  A.1  of 
Appendix  provides  a  block  diagram  with  wastewater  flows  indicated. 


TOR/INORG2/992.51  AUied,  Balon  Rouge 


3.1  Non-Process  Sewers 

Rain  water  from  roadways  and  non-active  areas  is  collected  along  with  non-contact 
cooling  water,  air  conditioner  water,  and  blowdown  from  steam  boilers.  This  water 
flows  directly  to  the  Mississippi  River.  The  pH  of  this  system  is  continuously  monitored 
and  if  the  pH  leaves  the  6  to  9  range,  an  alarm  is  sounded  and  the  flow  from  this 
system  can  be  diverted  to  the  process  wastewater  treatment  system.  A  system  of  pH 
monitors  is  dispersed  throughout  the  collection  trenches  allowing  an  almost  immediate 
identification  of  the  problem  areas  so  that  corrective  action  can  be  taken  quickly. 


3.2  Process  Water  Sewer 

All  rain  water  which  could  be  contaminated  with  product  or  raw  materials  is  collected 
in  a  process  wastewater  trench.  This  system  also  receives  some  boiler  blowdown, 
cooling  tower  blowdown,  caustic  scrubber  blowdown,  washdown  from  the  production 
areas,  wastewater  from  the  Venturi  scrubbers  used  on  the  calcium,  chloride  production 
units,  as  well  as  batch  discharges  from  the  metal  treatment  system.  This  process  sewer 
is  routed  for  wastewater  treatment  in  the  Effluent  Treatment  Facility  (ETF). 


3  J  Sludge  from  Calcium  Chloride  Production 

Sludge  removed  from  the  calcium  chloride  solution  in  the  clarifier  and  filters  is  trucked 
to  ponds  1  or  4  for  solid  storage.  Any  storm  runoff  firom  these  pond  areas  is  returned 
to  the  process  sump  for  treatment. 


4.0  WASTEWATER  TREATMENT 

4.1  General  Treatment 

Wastewater  generated  at  the  South  Works  which  is  or  has  the  significant  potential  to 
be  contaminated  from  the  manufacturing  operations  is  combined  and  conveyed  for 
treatment  by  the  process  wastewater  system.  Figure  A.2  is  a  process  flow  diagram  for 
the  wastewater  treatment  system. 

The  combined  flows  enter  a  process  sump  for  surge  buffering  and  pH  adjustment  to 
approximately  8.5  to  9.0  by  automatically  adding  25  percent  caustic  soda  solution.  The 
sump  level  is  controlled  by  automatic  valves  and  two  (2)  staggered  pumps  which  feed  a 
wastewater  air  stripper.  One  pump  runs  continuously  while  the  other  activates  on 
increasing  level.  Proper  pH  adjustment  in  the  sump  is  important  for  the  precipitation 
and  control  of  TSS  and  fluorides. 
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The  packed  bed  air  stripper  removes  volatile  organics  to  trace  levels  before  the  water 
is  pumped  to  one  of  two  2,230  m''  holding  tanks.  A  polymer  is  added  as  a  flocculating 
agent.  Discharges  from  these  tanks  are  batch  operations  which  go  through  a  series  of 
three  neutralization  steps  using  spent  plant  hydrochloric  acid  to  yield  a  final  pH  of 
approximately  7.0  to  7.5.  After  neutralization,  the  wastewater  flows  to  one  of  two 
ponds  (surface  impoundments)  where  the  flow  velocity  is  reduced  to  facilitate 
additional  TSS  removal.  Finally,  the  wastewater  is  discharged  via  gravity  through  a 
Parshall  flume  and  sampling  station  to  the  receiving  stream. 

Bulk  solids  settling  currently  occurs  in  the  holding  tanks,  however,  a  clarifier/filter  press 
unit  has  been  scheduled  for  installation  to  remove  the  TSS  fi-om  the  continued 
wastewater  before  introduction  to  the  air  stripper.  In  addition,  a  third  750,000-gallon 
holding  tank  is  being  installed  as  the  two  ponds  are  being  taken  out  of  wastewater 
treatment  service. 

The  present  configuration  results  in  relatively  rapid  fouling  of  the  air  stripper  packing 
media  due  to  a  buildup  of  solids.  Currently,  a  change  of  packing  is  needed  every  90  to 
100  days.  The  pressure  drop  across  the  stripper  is  monitored  and  when  it  gets  in  the 
range  of  22  to  25  cm  of  water  column  the  media  are  changed. 

The  first  few  occasions  when  media  needed  to  be  changed,  the  solid  building  was  so 
advanced  that  the  material  needed  to  be  chipped  out.  A  change  in  media  type  and 
earlier  media  change-out  have  eliminated  the  cemementation  problem.  It  is  expected 
that  the  clarifier  prior  to  the  strippers  will  preclude  the  rapid  solids  build-up. 

The  decision  to  add  the  air  stripper  was  based  on  a  belief  at  the  time  that  the 
wastewater  ponds  at  the  site  would  need  to  be  permitted  Hazardous  Material 
Treatment  facilities.  Subsequent  rule  changes  have  turned  out  such  that  this  would  not 
have  actually  been  the  case,  but  it  was  this  belief  which  fostered  the  decision  to  treat 
the  water  stream.  The  decision  to  go  with  an  air  stripper  was  made  rather  rapidly 
under  considerable  time  pressure. 

Steam  stripping  was  not  seriously  considered  since  the  volume  of  recoverable  products 
or  raw  materials  is  so  low. 

The  air  stripper  was  estimated  to  result  in  8.8  tonnes^  of  hydrocarbons  entering  the 
atmosphere.  The  discharge  could  reach  about  45  tonnes/yr  before  further  remedial 
action  would  be  required. 

Allied  considered  using  carbon  absorption  on  the  gas  stream  leaving  stripper  but  did 
not  do  so  because  the  stripper  could  be  permitted  as  is.  At  the  time  it  was  believed 
that  the  carbon  could  be  returned  to  the  supplier  for  monthly  reprocessing  without  the 
need  for  hazardous  materials  handling. 
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The  use  of  granular  activated  carbon  as  the  ;treatment  approach  was  rejected  due  to 
the  high  cost  and  the  need  to  provide  upstream  solids  removal. 

A  biological  treatment  system  was  also  rejected  since  the  organic  loadings  are  too  low 
and  a  supplemental  microbial  food  sources  would  be  required. 


42  Metals  Treatment 

Metallic  zinc  is  added  to  the  G-1113  process  reactor  to  produce  G-1113  and  zinc 
chloride.  In  this  reaction  zinc  is  not  completely  (100%)  consumed  and  periodic 
removal  of  the  accumulated  unreacted  zinc  and  sludges  is  necessary  to  maintain 
favourable  process  conditions.  In  addition,  several  other  vessels  which  are  utilized  in 
the  process  to  capture  and  treat  zinc  for  further  raw  material  usage  must  be 
periodically  cleaned  (zinc  bearing  sludge)  for  process  optimization  and  control.  These 
clean  outs  are  done  in  batch  operations  where  the  bulk  solids  are  drummed  for  disposal 
and  the  suspended  sludge  and  wastewater  pumped  to  the  metals  treatment  tank  for 
processing. 

Antimony  bearing  wastewater  is  periodically  generated  by  the  G-22  and  G-113 
processes.  To  facilitate  the  desired  reactions,  an  antimony  compound  is  used  in  both 
system  reactors  as  a  catalyst.  During  process  tum-arounds  or  times  requiring  vessel 
inspections,  the  antimony  catalyst  is  transferred  in  bulk  to  holding  tanks.  The  reactors 
are  then  flushed  several  times  with  water  to  remove  any  remaining  traces  of  catalyst 
and  pumped  by  batch  operation  to  the  metals  treatment  tank  for  processing. 

Wastewater  containing  heavy  metals  (zinc  and  antimony)  is  pumped  to  a  metals 
treatment  tank  in  batch  quantities.  The  wastewater  is  mixed  and  the  pH  is  adjusted 
using  25  percent  caustic  soda  solution  to  approximately  a  pH  of  9.0  to  10.0.  After  the 
adjustment,  the  complex  metal  salts  are  allowed  to  settle  and  the  wastewater  decanted 
from  the  tank  to  the  process  sewer  system. 

Treatment  for  both  metals  is  currently  conducted  in  a  single  tank.  Installation  of  a 
second  metals  treatment  tank  is  underway  which  will  allow  for  the  segregation  of  the 
metals  and  more  effective  removal. 


4 J  Recent  Discharge  Data 

Table  A.1  presents  a  summary  of  monitoring  data  for  Baton  Rouge  South  works  during 
1990.  Table  A.2  presents  a  summary  of  selected  compounds  as  measured  at  the  inlet 
and  the  outlet  of  the  air  stripper.  The  stripper  removal  efficiency  under  the  prevailing 
operating  conditions  ranges  from  42  percent  to  98  percent  depending  upon  the 
compound. 


TOR/INORG2/992J1  Allied,  Baton  Rouge 


5.0  CAPITAL  COST  REPORT 
Air  Stripper 

The  aif  stripper  was  installed  in  1989  as  part  of  a  project  that  included: 

•  Two  above-ground  tanks  with  a  capacity  of  2,840  m^  each. 

•  A  process  sump  for  pH  adjustment  and  piping  system  connecting  the 
tanks,  air  stripper,  and  the  ponds  that  provide  double  containment  of  all 
process  flows. 

•  A  process  control  room  complete  with  a  gas  chromatograph  unit  to  allow 
process  monitoring. 

•  The  air  stripper,  designed  for  a  nominal  flow  of  1.5  m^/min.  It  is 
currently  fitted  with  pumps  which  limit  the  flow  to  about  3.8  m^/min,  but 
the  stripper  internals  are  designed  for  a  maximum  flow  of  about  6.4 
m^'/min.  The  stripper  uses  a  centrifugal  blower  which  delivers  295  m'^/min 
of  air  at  25  cm  of  water  column. 

The  overall  project  cost  was  $4,500,000  -  $5,000,000  U.S. 

The  project  to  add  a  conical  clarifier,  filter  press,  and  a  third  2,840  m^  tank  is  currently 
underway  and  will  cost  about  $2,200,000,  including  a  building  for  the  filter  press 
operation. 

5.1  Calcium  Chloride  Solution  Production  Unit 

This  unit  was  installed  in  1980  at  a  cost  of  approximately  $8,000,000  -  $9,000,000  U.S., 
and  processes  about  340  m^  per  day  of  hydrochloric  acid  (at  32-33%  concentration). 

The  facility  includes  a  bucket  elevator  to  lift  the  limestone  to  the  top  of  four  parallel 
fixed  bed  reactors.  Gas  exhausted  from  the  reactors  is  scrubbed  with  water  in  a  venturi 
scrubber.  The  calcium  chloride  solution  is  clarified  in  rotary  rake  clarifier  before  being 
stored  in  tanks  awaiting  shipment. 

The  plant  occupies  about  0.4  hectares  of  which  more  than  half  is  devoted  to  limestone 
storage. 
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INORGANIC  CHEMICAL  SECTOR  GLOBAL  BAT  STUDY 

SISTER  PLANT  -  GLOBAL  SITE  VISIT  REPORT 

ALLIED-SIGNAL  INDUSTRIAL  CHEMICALS  DIVISION  -  GEISMAR 


1.0  PLANT  SITE 


Allied  Signal 
Geismar  Complex 
Fluorine  Products  Div. 
Industrial  Chemicals 
P.O.  Box  226 
Geismar,  LA  70734 


Allied  Primary  Contact: 

Alan  T.  Roy,  Manager,  Pollution  Control 
Chesterfield  Office 
Engineered  Materials  Sector 
P.O.  Box  831 
Hopewell,  Va  23860 

Telephone:  (803)  530-6155 


Additional  Contacts: 

Dennis  R.  Cheuvront,  Supervisor-Technical 
P.O.  Box  226 
Geismar,  LA  70734 

Telephone:  (504)  642-2720 


A.R.  Sinclair,  Supervisor,  Environmental  Services 

Allied  Chemicals  Canada 

Division  of  Allied-Signal  Canada,  Inc. 

P.O.  Box  2000 

Amherstburg,  Ontario  N9V  2Z6 

Telephone:  (519)  736-6404 

Date  of  Visit:  September  5,  1991 
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2.0  PLANT  DESCRIPTION 

The  Geismar  Works  is  located  approximately  25  kilometres  south  of  Baton  Rouge, 
Louisiana  on  the  east  bank  of  the  Mississippi  River.  The  Geismar  Works  produces 
both  anhydrous  and  aqueous  (70%)  hydrofluoric  acid  up  to  a  capacity  of  approximately 
95  tonnes  per  year.  Allied  reports  that  this  is  the  largest  HF  facility  in  the  world. 
Aluminum  fluoride  is  also  produced  at  the  site  at  a  rate  of  up  to  109  tormes  per  day. 


2.1  Plant  History 

The  plant  site  was  originally  developed  as  an  ethylene  plant  in  1967.  The  HF  facility,  a 
nitrogen  fertilizer  plant  and  phosphate  fertilizer  plant  were  developed  at  this  607- 
hectare  site  during  the  1970's.  In  the  mid  1980's,  Allied  restructured  its  businesses  and 
sold  the  ethylene  plant  to  UTP  Corporation  (Union  Texas  Petroleum)  in  1985.  The 
nitrogen  fertilizer  facility  and  the  phosphate  fertilizer  facility  were  sold  to  the  Acadian 
Corporation  in  1984.  The  facilities  are  still  interconnected  to  some  extent  as  far  as 
utilities  are  concerned  for  example.  Allied  supplies  river  water  to  the  other  facilities 
and  buys  steam  from  Acadian. 

At  the  present  time.  Allied  has  approximately  a  32-hectare  active  site  including  the 
fluorogypsum  stacks.  They  have  retained  about  120  hectares  of  inactive  land  for 
potential  future  use. 


2.2  Product  Description 

The  primary  products  manufactured  at  this  facility  and  details  of  product  uses  are  listed 
in  Table  2.1. 


2 J  Process  Description 

The  hydrofluoric  acid  process  consists  of  reacting  sulphuric  acid  with  dried  fluorspar 
(CaFj)  in  one  of  four  indirectly  fired  kilns.  A  mixture  of  sulphuric  acid  and  oleum  is 
used  to  provide  the  required  drying.  The  reaction  results  in  the  release  of  hydrogen 
fluoride  gas  and  the  production  of  a  fluorogypsum  solid  byproduct.  The  reaction  is: 

CaFj  +  H2SO4  —  >   2HF  +  CaS04 

The  calcium  sulphate  (CaS04)  produced  is  actually  about  85  percent  CaS04,  about  10 
percent  CaS04.1/2  HjO  and  about  5  percent  CaS04.2H20. 
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Table  2.1 
Uses  of  Hydronuoric  Acid 


Mariul 


Anhydroos  Hydronuoric  Acid 


Aluminum 
Manufacture 


Atomic  Energy 


Chemical 
Manu(aclunng 


Organic  Chemical 
ManuCactunng 


Petroleum  Refining 


Production  of  aluminum  fluoride  and 
ciyoliie  ^^^^^^^^^^___ 


Production  of  uranium  hexafluonde 


Electrolytic  prxxluciion  of  elcmenul  fluorine 
Production  of  inorganic.   Ruonde  salts 


Production  of  fluorocarbon.   Production  of 
household  products 


Source  of  all  aluminum  meul 


Nuclear  industry 


Transformer  fluids.   Water  repellant  products 

Stannous  Fluoride  (toothpaste).   Fluoridates 
water 


Alk\lation 


Refrigerants.   Scotchguard,  stain  resistant 
materials  


Catahrtt 


70%  Aqueous  Hydrofluoric  Acid 


Alloy  Steel 
Manufacturers 


Chemical 
Manufacturers 


Foundnes 


Glass  makers 


Metal  Fmishers 


Pickling 


Production  of  fluorine  compounds 


Cleaning  iron  and  steel  castings 


Polishing,  etching  and  frosting  glass 


Sand  Products 


Electroplating  metals 


Removes  scale  and  rust 


Source  of  fluoride  ion 


Dissoh/es  sand  to  produce  pure  metal  products 


Television  tube,  frosted.  One  crysul  ware 


Froth  flotation  of  ores 


Washing  sand  free  of  iron 


Proves  a  viscous  layer  that  permits  dissolving 
metal  surface  without  pitting.   Used  to  machine 
e:ioiic  metal  parts^ 


Depressant.   Higher  yield  or  ore 


Dissolves  silica  to  loosen  surface  iron  stains 
produces  a  pure  silica ^^_^ 


Aluminum 


Ceramics 
Manufacturiog 


Production  of  aluminum 


Flux 


Lower  melting  point  and  increased  conductivity  of 
electrolyte ___^_ 


Ceramic  glasses  and  enamels 


The  hydrogen  fluoride  is  drawn  off  the  feed  end  of  the  furnace  as  shown  in  the  Figure 
rr  m  hydrogen  fluoride  is  than  recovered  by  condensation  and  can  be  sold  as 
commercial  grade  or  purified  by  distillation.  Figure  A.2  presents  a  flow  diagram  of  the 
high  purity  distillation  system. 

Hydrofluoric  acid  solution  is  prepared  by  simply  adsorbing  the  gaseous  hydrogen 
flJoTdeTwater.  Aluminum  fluoride  is  produced  by  dehydratmgalummum  hydrate 
and  reacting  the  resulting  solid  with  gaseous  hydrogen  fluonde.  Figure  A.3  shows  a 
flow  diagram  for  the  aluminum  fluoride. 
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The  solid  byproduct,  fluorogypsum,  is  immediately  slurried  with  recycled  pond  water 
and  transported  in  a  3-5%  slurry  to  the  active  gypsum  stacks.  The  pH  of  the  water  in 
the  recycle  system  is  in  the  range  of  pH  2  as  a  result  of  the  residual  acidity  of  the 
solids.  The  acidity  results  from  adsorbed  sulphur  trioxide  as  well  as  minor  amounts  of 
absorbed  hydrogen  fluoride. 


3.0  WASTEWATER  MANAGEMENT 

Allied  pumps  water  from  the  nearby  Mississippi  River  and  treats  this  water  in  a 
clarifier  before  distributing  it  for  process  use  in  its  own  facility  and  the  adjacent  plants. 
Figure  A.4  shows  the  layout  of  the  approximately  32-hectare  active  area.  Areas  1  and 
2  are  fluorogypsum  stack  areas  that  are  presently  inactive.  Areas  3  and  4  are  currently 
being  used  for  solids  disposal.  At  the  time  of  the  site  visit,  solids  were  being 'deposited 
in  Area  4.  The  liquid  is  decanted  from  the  surface  using  a  floating  weir  arrangement. 
The  wastewater  is  retained  in  the  auxiliary  clear  well  and  flows  by  gravity  to  the  clear 
well  from  which  it  is  pumped  for  reuse  in  the  plant  scrubbers,  is  reused  for  transporting 
slurry  or  is  treated  and  discharged.  Figure  A.5  presents  a  schematic  of  the  water  flows 
and  uses  at  the  Geismar  facility. 


3.1  Wastewater  Treatment 

Wastewater  from  the  Geismar  hydrogen  fluoride  plant,  as  shown  in  Figure  AJ,  results 
from  several  process  units  including  air  pollution  scrubbers,  cooling  tower  blowdown, 
plant  washings  for  housekeeping,  pump  seal  fluid,  and  steam  condensate.  Rainfall 
contributes  significantly  to  the  wastewater  system. 

The  wastewater  is  reused  as  scrubber  water  and  to  slurry  the  fluorogypsum  co-product 
for  transport  to  the  storage  piles  for  long-term  reclamation  as  a  construction  aggregate. 
After  settling  the  fluorogypsum,  water  is  decanted  and  stored  in  impoundments  for 
return  to  the  plant  for  reuse.  Excess  wastewater  is  treated  in  a  neutralization  unit  prior 
to  discharge  to  surface  waters. 

The  acidic  wastewater  is  fed  to  an  elevated  agitated  neutralizer  where  it  is  mixed  with 
a  slaked  lime  and  a  flocculation  enhancing  polymer.  Neutralized  wastewater  flows  by 
gravity  to  a  large  clarifier,  and  sludge  is  withdrawn  to  the  fluorogypsum  storage  facility. 
The  clarified  water  overflows  to  a  pump  tank  for  discharge.  A  pH-activated  diversion 
system  has  been  installed  on  the  pump  tank  to  prevent  out-of-limits  effluent  from  being 
discharged.  A  monitoring  station  downstream  of  the  diversion  system  continuously 
records  flow  and  pH  observations  and  collects  flow  proportional  samples  for  laboratory 
analysis. 

Lime  usage  in  1990  was  reported  to  be  5,450  tonnes. 

Permit  limits  for  the  facility  are  presented  in  Table  A.I. 

4 
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The   removal  efficiency  of  the   treatment  process  for  several  key  parameters  are 
presented  in  Table  A-2. 

Table  A.3  presents  a  copy  of  a  summary  of  the  water  discharge  parameters  for  1990 
and  the  first  half  of  1991. 


4.0  SOLID  WASTE  DISPOSAL 

The  slurried  residue  from  the  hydrogen  fluoride  kilns  is  discharged  on  the  periphery  of 
the  active  stack  The  water  flows  to  the  central  pond  and  deposits  solids  m  a  delta 
formation  as  it  flows.  The  discharge  line  is  periodically  moved  around  the  penphery  of 
the  stack  and  thus,  the  solids  buildup  around  the  edge  of  the  active  stack. 

As  the  solids  dry,  they  form  a  solid  material  which  is  described  by  Allied  as  having 
strength  properties  similar  to  green  concrete. 

At  the  present  time,  Allied  has  a  contract  with  an  aggregate  company  who  is,  in  effect, 
mining  aggregate  from  the  areas  identified  as  Stack  2.  This  company  is  using  a 
pavement  profile  machine  to  remove  the  solidified  fluorogypsum  in  approxmiately  15 
cm  layers. 

In  1990,  this  company  removed  approximately  260,000  tonnes  of  fluorogypsum  and  sold 
it  as  aggregate  in  the  local  market.  This  operation  is  possible  since  there  is  no  other 
source  of  aggregate  available  locally.  In  the  past,  dredged  sheUs  were  used  m  this 
geographic  area,  but  environmental  concerns  have  closed  down  the  dredgmg 
operations.  The  other  source  of  aggregate  is  limestone,  which  is  barged  from  up-nver 
sources.  These  factors  make  aggregate  expensive  in  this  location  and  have  provided  an 
opportunity  for  this  use  of  the  fluorogypsum  aggregate. 

Allied  staff  indicated  that  European  hydro  fluoride  facilities  utilize  the  solid  residue  dry 
as  a  filler  material  in  concrete  structural  panels  that  are  well  accepted  in  the  European 
marketplace.  The  residual  sulphur  trioxide  and  hydrogen  fluoride  do  cause  handbng 
problems  and  make  storage  difficult.  The  concrete  structural  panels  are  apparently 
widely  used  in  Europe,  while  such  construction  approaches  are  not  weU  accepted  m 
North  America. 


5.0  AUDIT  TEAM 

Frank  A.  Ryan,  Ontario  Ministry  of  the  Environment 
Art  Stelzig,  Environment  Canada 
Deborah  Ross,  CH2M  HILL 
Leo  C.  Ehrenreich,  SAIC 
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Table  A.l 
Geismar  Plant  Permit  Limits 
Permit  Number  LA  0006181 


Coniinuous  recording  moniior 
Rcpon  minimum  and  maximum 


Daily  average  for  month:  3362  lbs/day  (M28  k«/d) 
Maximum  for  one  day:  6,956  lbs/day  (3.162  k%/d) 
24-hour  composite  3  limes  per  week 


Dailv  average  for  month:           1.079  lbs/day  (490  k«/d) 
Maximum  for  one  day:              2.284  lbs/day  (1,038  kg/d) 
24-hour  composite  3  times  per  week 


Daily  average  for  month:  5.0  lbs/day  (2.27  kg/d) 
Maiamum  for  one  day:  16.2  lbs/day  (7.4  kg/d) 
24-hour  composite  3  times  per  week 


Daily  average  for  month:           4.1  lbs/day  (1.86  kg/d) 
Maximum  for  one  day:               18.5  lbs/day  (8.41  kg/d) 
24-hour  composite  3  times  per  week 


Daily  average  for  month:  12.8  lbs/day  (5.82  kg/d) 
Maximum  for  one  day:  41.8  lbs/day  (19.0  kg/d) 
24-hour  composite  3  times  per  week 


Coniinuous  recording  moniior 
Report  average  and  24-hour  maximum 


Table  A.2 

Performance  of  Wastewater  Treatment  System  at 

Allied  Signal,  Giesmar  Plant 


Chromium 
Nickel 
Zinc 
Fluoride 


Influent  Concentration 


4.4 
26J 
i400 


EfHuent  Cooceotration 

(mgO.) 


RcoMTal  (%) 


0.04 
0.45 
0.25 
28.9 


Notes: 


1.  Average  results  of  monitoring  in  1990  and  January  to  June.  1991. 
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TECHNOLOGY  REPORT 
POND  LINERS 


1.0  DESCRIPTION 

The  purpose  of  pond  liners  is  to  virtually  eliminate  the  leaching  of  the  contents  of 
waste,  wastewater  or  storm  water  retention  ponds  to  the  underlying  soil  and  water 
table.   There  are  two  major  groups  of  liner  technologies.   These  are: 

Flexible  membrane  linings  (FML),  including  polyvinyl  chloride  (PVC), 
chlorinated  polyethylene  (CPE),  high  density  polyethylene  (HDPE),  chlo- 
rosulphonated  polyethylene  (CSPE,  commonly  known  by  its  trade  name, 
Hypalon)  and  others. 

•  Earth  materials  including  clay  and  soil/bentonite  mixtures. 

2.0  APPLICATION 

Lined  ponds  are  commonly  used  for  liquid  industrial  and  municipal  wastewater  or 
sludge  or  impoundment.  In  the  Ontario  Inorganic  Chemical  Sector,  several  plants 
currently  use  unlined  ponds  which  contain  wastewater.  Lining  of  ponds  is  being  con- 
sidered for  these  plants.  In  addition,  at  one  plant,  where  an  intake  water  pond  is  sited 
in  potentially  contaminated  soils,  lining  is  being  considered  to  prevent  contamination  of 
intake  water. 

3.0  DESIGN  INFORMATION 

The  basis  of  design  for  pond  liners  is  the  desired  permeability  of  the  liner  material. 
Lower  values  of  permeability  provide  the  greatest  protection  to  the  underlying  water 
table.  Permeabilities  are  essentially  a  measure  of  the  apparent  velocity  of  contaminants 
through  the  liner  material.  Typical  values  of  permeability  for  liquid  waste  storage 
ponds  are  lO'  cm/s,  although  values  as  low  as  10"'"  cm/s  have  been  claimed  by  some 
pond  liner  manufacturers  under  ideal  conditions. 

Both  FML  and  earth  material  pond  liner  technologies  involve  the  preparation  of  appro- 
priate foundations  and  berms.  Pond  bottoms  should  be  carefully  sloped,  preferably  at 
or  above  3  percent  grade.  The  subgrade  must  bè  free  of  any  objects  which  may  result 
in  stress  to  the  liner  once  it  is  placed  and  the  pond  is  filled.  Soil  covers  required  over 
some  types  of  liners  should  be  placed  as  soon  as  possible  after  placement  of  the  liner  in 
order  to  avoid  problems  associated  with  moisture  control. 
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A  flexible  membrane  liner  should  have  a  continuous  layer  of  sand  placed  on  the 
subgrade  to  allow  for  venting  of  air  pushed  upward  by  a  rising  water  table.  The  steep- 
ness and  length  of  berm  sideslopes  are  generaUy  dictated  by  the  following  factors: 

Storage  volume  requirements  and  space  limitations 

Slope  stability/foundation  stability 

Ease  of  construction 

Resulting  stresses  on  the  flexible  membrane  liner  or  stability  of  the  liner 
soil  cover 

Erosion  protection 

Operations  and  maintenance  concerns 

Regulatory  requirements. 

4.0  PERFORMANCE 

Performance  of  liners  is  measured  by  the  degree  to  which  contaminants  are  prevented 
from  leaching  out  of  the  pond.  Design  permeability  and  sampling  programs  after  com- 
missioning are  two  means  to  assess  performance. 

5.0  OPERATING  REQUIREMENTS 

By  their  nature,  lined  ponds  have  relatively  few  operating  and  maintenance  require- 
ments. The  major  requirement  will  be  monitoring  of  ground  water  to  ensure  that  sig- 
nificant leaching  is  not  occurring. 

6.0  CAPITAL  COSTS 

The  following  discussion  presents  approximate  capital  costs  for  liner  materials,  as  well 
as  some  estimates  of  installation  fees.  Comprehensive  capital  costs  for  implementation 
of  pond  liners  cannot  be  developed  until  site-specific  factors  have  been  defined. 

The  relative  merits  of  various  flexible  membrane  liner  technologies  are  compared  in 
Table  1. 
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Table  1 
Flexible  Membrane  Liner  Material  Characteristics 

Membrane  MaUrUl 

Tear 
Stren«lb 

E3oDgatiao 

Cbcmical 
RcsIilJUK* 

lUUthrt 
Install». 
liooEuc 

RcUUtc 
Coat 

lUqalTMSaU 

■ 

Polwuivl  Chlondc  (PVC) 

2 

4 

S 

3 

^ 

PVC  -  Oll-Rcsuiani 

2 

4 

5 

4 

ya 

Chlonnated  Polyethylene 

(CPE) 

4 

2 

3 

3 

no 

CPE-  Oïl-Resisuni 

4 

2 

3 

3 

no 

Elasticized  Polvolefin 

4 

5 

2 

3 

no 

Neoprcne 

2 

3 

3 

5  + 

no 

High-Dcnsity  Polyethylene 
(HDPE)  Unreinforced 

5 

5 

1 

3 

no 

Epichlorohydrin  Rubbers 

2 

3 

3 

5  + 

no 

Chlorosulphonated 
Polyethylene  (CSPE),  (Hyp- 
alon),  Reinforced 

4 

1 

4 

4 

no 

Butvl  Rubber 

2 

3 

3 

5+ 

no 

Ethylene  Propylene  Rubber 
(EPDM) 

2 

3 

3 

5  + 

no 

3 

Weak 

Adequate 

Strong 

Uttle 

Moderate 

High 

None 

Moderate 

High 

Didicult 

Typical 

Easy 

Low          $2J0-$3.75/m2  (1) 
Medium    $6.25-$8.75/m2  (1) 
High         SlO.OO-SlS.OO/m^  (^^ 

Note: 

1                Based  on  ENR  CCI  (Toronto)  6343.                                                                                                        —^ 

The  following  assumptions  apply  to  these  costs: 

Costs  are  in  1991  Canadian  dollars,  based  on  ENR  CCI  (Toronto)  6343. 

Ranges  in  costs  represent  differences  in  material  thicknesses,  geographic 
location,  etc. 

Installation  not  included.    Ubour  costs  for  installation  may  range  from 
$1.25  to  $3.25/m^  depending  on  liner  system. 

Costs  are  applicable  to  surface  impoundment  areas  of  between  9,000  to 
25,000  ml 
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•  Average  access  for  con  •mction  has  been  assumed. 

•  Pond  design  is  based  upon  sideslopes  of  3:1,  and  depth  of  3  to  6  m. 

Site  specific  factors  and  economics  will  determine  which  flexible  membrane  liner  tech- 
nology is  best  suited  to  any  particular  application. 

Liners  constructed  of  earth  materials  such  as  clay  or  soil/bentonite  are  strongly  depend- 
ent on  construction  techniques  for  their  structural  integrity.  Proper  techniques  for  the 
placement  and  compaction  of  these  materials  are  required  to  achieve  design  specifica- 
tions for  permeability,  usually  set  at  10''  cm/s.  Table  2  presents  information  on  costs 
for  clay  and  soil/bentonite  liners. 


Table  2 
Costs  of  Earth  Material  Liners 

Type  of  Liner 

Cost  (1991  $CDN  per  m^)^ 

Clay 
Soil/Bentonite 

10.00  to  50.00 
60.00  to  120.00 

Note: 

1.           Based  on 

ENR  CCI  (Toronto)  at  6343. 

Assumptions  used  in  the  development  of  costs  for  clay  liners  include: 

•  Haul  distances  for  earth  materials  of  less  than  20  km. 

•  Installation  and  labour  included. 

Assumptions  used  in  the  development  of  costs  for  soil/bentonite  liners  include: 

•  Delivery  of  bentonite  to  job  site  included,  but  not  mixing  with  soil  nor 
installation  and  associated  labour. 

•  Soil  used  is  native  material  and  suitable  for  blending  with  bentonite. 

•  Bentonite  used  is  highly  contaminant  resistant  (up  to  100,(MX)  mg/L  TDS). 

•  Design  permeability:    10'  cm/s. 

•  Bentonite  application  rate:  200  to  300  kg/m'  of  liner 


TOR/INORG455/2/999.51  Pond  Liners 


The  costs  presented  above  are  approximate,  and  can  vary  widely  depending  on  speciSc 
factors  associated  with  each  individual  application.  Factors  that  will  influence  costs 
include: 

Site  hydrogeological  characteristics  soil  conditions  and  available  land  area 
(for  berm  construction). 

Interim  storage  requirements  during  pond  construction. 

Site  decommissioning,  including  clean-up  requirements. 

Location  of  site  and  haul  distance  from  construction  materials. 

Climate. 

7.0  OPERATING  COSTS 

Operating  costs  for  lined  ponds  will  consist  of  ground  water  and  any  other  monitoring 
which  may  be  required,  and  will  be  dependent  on  the  extent  of  these  programs.  Should 
the  monitoring  program  reveal  any  breaches  in  the  integrity  of  the  liner, 
decommissioning  and  repair  may  be  required.  These  costs  will  be  entirely  dependent 
on  the  severity  of  damage  to  the  liner,  as  well  as  the  type  of  liner  involved. 

8.0       REFERENCES 

1.  CH2M  HILL  ENGINEERING  LTD.,  1989.    Design  Manual  for  Liquid,  Solid 
and  Hazardous  Containment  Systems.    In-house  document. 

2.  ENR  CCI.   Engineering  New  Record  Construction  Cost  Index,  March  1991. 
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TECHNOLOGY  REPORT 
PUMPING  STATIONS,  FORCEMAINS  AND  SEVŒRS 

1.0  INTRODUCTION 

Implementation  of  BAT  options  applicable  to  Ontario  facilities  in  the  Inorganic  Chemi- 
cal Sector  requires  the  consideration  of  site  specific  factors  that  would  affect  the  capital 
and  operating  costs.  One  of  the  primary  factors  is  the  existing  wastewater  collection 
and  pumping  system,  and  the  changes  that  would  be  necessary  to  transfer  water  to  and 
from  the  BAT  technology.  This  report  presents  a  basis  for  costing  additional  sewers, 
forcemains  and  pumping  stations  necessary  for  implementation  of  BAT  options. 

2.0  DESCRIPTION 

The  following  assumptions  have  been  made  to  provide  cost  estimates  for  pumping 
stations,  sewers  and  forcemains: 

•  All  construction  costs  assume  average  water  table  level,  average  soil  con- 
ditions, no  existing  obstructing  facilities,  no  deep  excavations  and  an 
available  power  supply. 

•  For  design  flow  rates  of  10  to  100  L/s,  pumping  stations  consist  of  precast 
concrete  sumps  with  two  submersible  pumps  (Figure  Al). 

•  For  design  flows  over  100  L/s,  pumping  stations  consist  of  a  cast-in-place 
rectangular,  concrete  wet  well,  with  pumps  mounted  on  a  covering  slab, 
and  housed  in  a  light  industrial  type  building.  Pumps  are  self-priming 
trash  type  (Figure  A2). 

•  The  sewer  diameter  has  been  specified  based  on  a  one  percent  slope  and 
being  50  percent  full  at  design  flow  rate. 

•  The  cover  over  the  incoming  sewer  was  assumed  to  be  2.5  m,  while  the 
cover  over  forcemain  of  was  assumed  to  be  1.5  m. 

•  Forcemain  diameters  have  been  specified  to  assure  a  water  velocity  of  1 
to  1.5  m/s. 

•  Standby  power  has  not  been  included. 
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3.0  COSTS 

Cost  for  pumping  stations,  forcemains  and  sewers  described  above  are  based  on  the 
following: 

•  Unit  cost  for: 

Excavations,  SlO/m'' 

Backfill,  .    $5/m' 

Concrete  structures  including  bars,  formwork,  etc.  SôOO/m-' 

Building,  including  services,  $2,700/ra'* 

•  Equipment  prices  are  from  the  vendor  and  include  a  30  percent  allow- 
ance for  installation. 

•  Valving  and  piping  costs  are  estimated  separately. 

•  All  costs  include  installation,  a  30  percent  estimating  contingency,  a  15 
percent  allowance  for  engineering  and  seven  percent  G.S.T. 

ENR  CCI  at  6343. 

Table  1  presents  the  estimated  costs  of  pumping  stations,  forcemains  and  sewers  for  a 
range  of  design  flow  rates.  Figure  1  presents  the  corresponding  plot  of  capital  cost 
versus  design  flow  rate  for  pumping  stations. 


4.0  REFERENCES 

1.         ENR  CCI  Engineering  News  Record  Construction  Cost  Index  for  Toronto, 
March,  1991. 
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Figure  A 1 
TYPICAL  PUMPING  STATION  ARRANGEMENT 
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FigureA2 
TYPICAL  PUMPING  STATION 
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TECHNOLOGY  REPORT 
SETTLING/SEDIMENTATION  FOR  TSS  REMOVAL 


1.0  DESCRIPTION 

Settling/sedimentation  is  a  process  used  to  remove  suspended  solids  (TSS)  from  aqu- 
eous waste  streams  by  gravity  separation.  The  wastewater  is  fed  to  a  vessel,  basm  or 
pond,  etc.,  which  provides  a  quiescent  zone  where  the  phases  separate. 

Primary  clarification  consists  of  a  settling  tank  as  shown  in  Figure  Al  with  a  detention 
filToTl  5  to  3  hours  which  provides  a  quiescent  environment.  Both  rectangular  and 
circular  clarifiers  are  used.  Alternatively  setthng  may  take  place  m  a  concrete  tank  or 
lagoon/pond.  Settling  tank  or  basin  depths  typically  range  from  3  to  4.5  m.  Settled 
solids  may  be  mechanically  collected  on  the  bottom  of  the  basm/tank  and  Pumped  as 
sludge  underflow,  or  pumped  out  periodically  with  vacuum  pump  or  trucks.  Sludge 
underflow  may  be  disposed  off  site  directly  or  dried  in  sludge  drying  beds  and 
subsequently  dried  sludge  is  disposed.  More  elaborate  systems  may  use  sludge 
thickeners  and  mechanical  dryers. 

SetUing  of  solids  may  also  be  carried  out  in  lagoons.  Details  on  this  type  of  system  are 
provided  in  the  Sister  Plant  Report  for  Cabot  Canada  (Ref.  1). 

2.0  GENERAL  APPLICABILITY 

Removal  of  suspended  solids  by  settling/sedimentation  has  been  used  in  both  municipal 
and  industrial  water  and  wastewater  treatment  applications.  The  process  is  especial  y 
well  suited  to  handle  influent  streams  containing  high  levels  (>  50  mgA.)  of  easily 
settleable  solids.  In  cases  where  finer  materials  are  present,  chemical  coagulants  such 
as  alum,  iron  salts  and/or  polymers  are  used  to  assist  in  the  settling  process. 

Removal  of  suspended  solids  by  settling/sedimentation  is  used  in  a  variety  of  industries 
including  food  processing,  pulp  and  paper,  chemical  processing,  oil  refining,  municipal 
waterAvastewater  treatment  for  a  number  of  applications. 

3.0  ONTARIO  APPLICATION 

For  this  study,  settling/sedimentation  with  or  without  chemical  addition  is  applicable  the 
removal  of  suspended  solids  from  effluents  generated  in  general  -^-^rial  proces^^^^^^^ 
such  as  boiler  and  cooling  tower  blowdown,  stormwater  runoff,  as  well  as  other  process 
streams  that  have  a  high  TSS  level  or  have  been  chemically  treated  to  precipitate  spec- 
fie  target  contaminants. 
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4.0 


DESIGN 


Table  1  presents  typical  design  parameters  for  primary  clarifiers  or  settling  basins. 


Table  1                                                                | 
Typical  Design  Parameters  for  Clarifiers  or  Settling  Basins                       | 

Parameter 

Ranger 

Overflow  rate 

Detention  time 

Weir  loading 

Rectangular  basin  length  to  width  ratio 

21  -  49  m^/m^/d 

1.5  to  3  hr 

125  -  375  m^/m/d 

Minimum  of  4 

5.0 


PERFORMANCE 


Table  2  provides  estimated  performance  ranges  for  removal  of  suspended  solids  in  sett- 
ling systems  with  and  without  chemical  addition. 


Table  2                                                                11 
Typical  Performance  of  Settling  Systems  With  and  Without  Chemical  Addition*-^ 

Technology 

Effluent  TSS  Concentration  (mg/L) 

Removal  EfQciendes  (%)           j| 

Range 

Median 

Range 

Median 

Settling 

<  1-2,300 

20 

20-  >99 

91 

Notes: 

1.  Performances  will  vary  widely  depending  on  the  settleability  of  the  solids  and  chemicals 
used. 

2.  Ref.  4. 

6.0 


OPERATING  REQUIREMENTS 


The  main  operating  requirements  of  a  sedimentation  system  are  sludge  removal  and 
disposal.  In  a  clarifier  system,  sludge  will  be  removed  as  an  underflow,  that  is  blown 
down  automatically  or  manually  to  a  holding  tank,  thickener  or  drying  bed.  In  a  settl- 
ing basin,  sludge  will  be  removed  periodically,  by  vacuum  truck  or  pump  depending  on 
the  rate  of  buildup  and  storage  capacity,  and  may  be  disposed  directly  or  placed  in  a 
sludge  drying  bed.   Dried  sludge  solids  may  be  hauled  to  a  secure  or  municipal  landfill. 
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depending  on  their  quality.  Recovery  of  sludges  may  also  be  practised.  At  abrasives 
plants  in  the  Ontario  Inorganic  Chemical  Sector,  for  example,  solids  are  valuable  raw 
materials  and  are  recovered  for  use  in  the  process. 

Labour  requirements  will  vary  significantly,  depending  on  the  size,  complexity  and  level 
of  automation  of  the  system.  For  example,  a  settling  sump  will  require  virtually  no 
labour  except  periodic  clean-outs,  which  may  be  carried  out  by  contracted  hauler.  A 
complex  system  of  chemical  addition,  settling  tanks  with  thickeners,  and  drying  beds 
may  require  a  full  time  operator.  Additional  labour  will  be  needed  where  chemicals 
are  used,  to  inspect  dosage  controls,  order  and  possibly  mix  chemicals,  and  periodically 
check  dosage  rates. 

Power  requirements  will  vary  depending  on  mechanical  equipment  used  and  pumping. 


7.0 


CAPITAL  COSTS 


Table  3  presents  capital  costs  and  cost  exponents  for  different  components  of  settling 
systems.  Cost  estimates  can  be  extrapolated  for  similar  sizes  (_+  100%)  using  the  fol- 
lowing equation: 


Cost. 


Surface  Area^^^^ 
Surface  Area^ 


X    Cost, 


Table  3 
Capital  Costs  and  Exponents  of  Sedimentation  Systems^'^ 

CampoocDt 

Cost 

Exponent 

Slecl  circular  clarifier,  above  ground,  6  m  diameter,  scraper  &  drive. 

$330,000 

OJ 

Concrete  tank,  no  mechanical  equipment  or  sludge  removal  mechanism  (2S  m^  surface  area). 

$35,000 

0.6 

lo-ground  concrete  settling  tank  with  mechanical  scraper  (120  m    surface  area). 

$810,000 

OJ 

Chemical  dosage  system  including  2  pump^  dosage  controller,  2,000  L  chemical  storage  tank. 

$27,000 

03 

Notes; 

1.              All  costs  include  30  percent  installation  3S  percent  estimating  contingency,  15  percent  engineering  and  7  percent 

GST  (on  loul)  (ENR  CCI  6343). 
Z              From  CH2M  HILL  in-house  information. 

Sludge  drying  beds  are  simply  lined  lagoons,  with  a  shallow  liquid  depth  (less  than  1  m) 
that  allow  evaporative  drying  of  sludge  solids,  which  can  subsequently  be  disposed. 
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■ 


Pond  construction  costs  can  be  developed  from  the  Sister  Plant  Report  for  Cabot  (Ref. 
1)  and  pond  linings  are  described  in  the  General  Technology  Report  (Ref.  2). 


8.0 


OPERATING  COSTS 


Operating  costs  will  vary  widely,  depending  on  the  size  and  complexity  of  the  operation. 
Labour  and  power  requirements  can  only  be  determined  on  a  case  by  case  basis.  Jar 
tests  are  necessary  to  confirm  chemicals  and  dosages  that  will  optimize  removal.  Table 
3  presents  typical  1991  sludge  disposal  costs. 


Table  4 
Typical  Sludge  Disposal  Costs 

Method 

Cost 

Vacuum  truck  for  liquid  sludge  haul 

$350/m3 

Municipal  landfill 

SlOO  -  S200/t 

Secure  landfill 

S350/t 

9.0  REFERENCES 

1.  Sister  Plant  Technology  Report  -  Coagulation  Settling/Filtration  Ponds  at  Cabot 
Canada  Ltd. 

2.  General  Technology  Report  -  Pond  Linings. 

3.  Drew  Chemical  Corporation  -  Principals  of  Industrial  Water  Treatment.  1983. 

4.  Treatability  Manual  Volume  III  -  Technologies  for  Control/Removal  of  Pollu- 
tants, U.S.  EPA,  EPA-600/2-82-001C.  September  1981. 
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TECHNOLOGY  REPORT 

WATER  CONDITIONING  CHEMICALS  FOR  BOILER 

AND  COOLING  TOWER  MAKE-UP 


1.0  INTRODUCTION 

Water  conditioning  chemicals  are  added  to  boiler  and  cooling  tower  make-up  water  by 
many  facilities  in  the  Ontario  Inorganic  Chemical  Sector.  These  chemicals  are  added 
to  control: 

•  corrosion 

•  scaling 

•  foaming 

•  microbiological  growth 

During  cooling  tower  and  boiler  operations,  contaminants  introduced  either  in  the  raw 
water  or  by  addition  of  water  conditioning  chemicals,  concentrate  and  are  present  at 
elevated  concentrations  in  the  blowdown,  resulting  in  potentially  toxic  effluents. 

Rather  than  implementing  end-of-pipe  treatment,  the  preferred  method  to  minimize  or 
avoid  toxic  effluents  is  to  use  alternative  water  conditioning  chemicals. 


2.0  DESCRIPTION 

Table  1  presents  a  list  of  all  the  facilities  who  used  water  treatment  chemicals  for  boiler 
and  cooling  tower  make-up  water  during  the  MISA  Monitoring  Regulation  period,  and 
who  discharge  blowdown  from  these  operations  directly.  In  this  Table,  the  flow,  the 
additives,  and  contaminants  of  possible  concern  are  identified.  Contaminants  of 
possible  concern  were  selected  considering  the  components  of  water  treatment 
chemicals,  and  the  most  frequently  identified  "Priority  1"  pollutants  as  defined  by  the 
Ministry  of  the  Environment  during  the  MISA  Monitoring  Regulation  period. 

The  selected  contaminants  include: 

•  zinc/chromate 

•  phosphate/phosphate  derivatives 

•  chlorine/chloride 

•  bromine/bromide 

Zinc/chromate-based  chemicals  used  in  the  past  for  corrosion  control,  are  now  being 
replaced  by  non-chromate  formulations,  such  as  molybdate  salts.  Certain  molybdate 
salts  have  been  found  to  have  equal  or  superior  corrosion  inhibition  properties. 
Molybdenum  is  an  element  which  is  considered  to  have  a  low  order  of  toxicity  and 
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considerably  less  environmental  impact  than  other  heavy  metals  such  as  chromium. 
Other    alternative    corrosion    inhibition    chemicals    including   poly-phosphates,    and 
phosphorates  have  also  replaced  chromate  based  formulations.     Phosphates  and 
phosphate  derivatives  are  considered  potentially  problematic  in  that  they  promote  algae . 
growth  at  elevated  concentrations. 

In  cooling  water  systems,  chlorine  has  been  traditionally  used  as  an  algicide/bactericide. 
Chlorine  reacts  with  ammonia,  nitrogen  and  phenols  in  cooling  water  systems  to  pro- 
duce potentially  toxic  chloramine  and  chlorinated  phenolics.  Chlorine  is  now  slowly 
being  replaced  by  alternative  halogen  chemical  treatments  such  as  bromine,  and 
brominated  hydrocarbons.  Elevated  concentrations  of  bromine/bromides  may  also 
result  in  toxic  effluents. 

Ozonation  is  a  promising  new  technology  for  the  replacement  of  chlorination  and 
addition  of  other  non-oxidizing  biocides.  Some  U.S.  Linde  facilities  are  experimenting 
with  ozonation  to  replace  all  other  chemical  additives  to  the  cooling  tower  recirculation 
water.  Tests  have  shown  that  ozonation  of  cooling  tower  make-up  water  caused  the 
formation  of  copper  and  zinc  oxides  which  resulted  in  a  need  to  adjust  flow  and  cycles 
of  concentration  (Ref.  2).  Until  this  technology  is  demonstrated  to  be  practically 
applied  to  cooling  tower  systems,  ozonation  for  comprehensive  cooling  tower  treatment 
wdll  not  be  recommended  as  a  general  technology. 

Selection  of  alternative  water  conditioning  chemicals  is  dependant  upon  the  system 
conditions  including: 

•  Intake  water  chemistry 

•  Heat  exchanger  design 

•  Materials  of  construction 

•  Operating  conditions 

•  System  contaminants 

•  Environment  effluent  considerations  (Ref.  4). 

Re-examination  of  Table  1  suggests  that  there  are  not  many  facilities  which  warrant 
changes  in  their  water  treatment  chemicals.  If  the  effluents  are  toxic  at  facilities  where 
no  additive  information  was  provided,  and  no  other  sources  of  toxicity  have  been 
identified,  the  formulation  of  the  water  conditioning  chemicals  should  be  examined.  If 
alternatives  are  sought,  it  should  be  noted  that  water  treatment  chemicals  are  highly 
specific  to  the  nature  of  the  system,  and  selection  of  alternative  chemicals  will 
undoubtedly  introduce  other  contaminants.  The  new  parameters  and  conditions 
introduced  with  the  implementation  of  a  new  water  conditioning  chemical  system 
should  be  carefully  evaluated,  before  a  change  is  made  in  the  existing  system. 
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3.0  COST 

It  is  difficult  to  provide  an  estimate  of  costs  for  the  above  described  changes  since 
applications  will  vary  greatly  from  one  facility  to  another.  Costs  will  depend  on  the  size 
of  the  system  involved,  chemicals  used,  chemical  dosages,  equipment  requirements,  and 
the  materials  of  construction. 

Below  is  an  estimate  of  the  cost  ratios  for  various  water  conditioning  chemical  types 
provided  by  Betz  Inc. 

Chemical  Type  Cost  Ratio 

•  Chromate  -  1 

•  Zinc-Organic  -  2 

•  Phosphate  -  2 

•  Molybdate  -  3  to  6 

These  cost  ratios  should  be  considered  carefully,  since  program  costs  may  be  reduced 
by  increasing  the  cooling  system  cycles  and,  since  the  chemical  requirements  are  highly 
specific  to  each  system's  capabilities.  For  one  user,  a  change  in  chemical  might  result 
in  a  100  percent  cost  increase,  while  for  another,  it  might  be  only  20  percent  (Ref  3). 


4.0  OTHER  ISSUES 

The  quality  of  boiler  and  cooling  tower  blowdown  may  also  be  affected  by  other  factors 
including: 

•  Quality  of  the  raw  water  source. 

•  Corrosion  of  the  materials  of  construction. 


Raw  Water  Source 

If  the  quality  of  the  intake  water  is  poor,  a  poor  effluent  quality  is  inevitable,  without 
either  pretreatment  of  the  intake  water,  or  end-of-pipe  treatment.  K  £m  alternative 
water  source  is  not  feasible,  pre-treatment  is  preferred  to  end-of-pipe  treatment.  Some 
pre-treatment  technologies,  apart  from  chemical  addition,  include  filtration,  and  ion 
exchange.  Backwashing,  and  particularly  regeneration  procedures  can  result  in  elevated 
concentrations  of  contaminants  in  effluent  streams.  The  frequency  of  backwashing  may 
be  altered  such  that  the  TSS  in  the  effluent  does  not  exceed  50  mg/L  to  minimize 
potentially  lethal  effects.  Alternatively,  if  TSS  levels  are  a  concern,  settling  may  be 
used  to  remove  solids  prior  to  discharge  (Ref.  5),  or  the  backwash  could  be  directed  to 
drying  beds. 
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Chem:  formulations  which  have  been  used  to  clean  make-up  water  ion  exchange 
resin  t  -  -i  and  condensate  polisher  beds  are  being  modified  to  eliminate  potential  toxic 
compounds  generated  in  the  cleaning  and  rinse  waters  from  these  operations. 
Compounds  used  in  the  past  in  this  service  generally  contained  organic  acids  combined 
with  surfactants  which  eventually  becomes  part  of  a  plant  is  wastewater  stream.  New 
techniques  such  as  ultrasonic  cleaning  using  non-toxic  chemicals  have  been  developed 
for  cleaning  resin  beds. 


Corrosion  of  Materials  of  Construction 

Corrosion  of  the  materials  of  construction  of  boiler  and  cooling  towers  systems  has 
resulted  in  a  progression  towards  more  costly,  corrosion  resistant  metals.  Copper- 
bearing  alloys,  have  been  avoided  in  heat  exchanger  equipment,  but  may  still  exist  in 
non-heat  exchanger  service  within  the  systems.  If  the  copper  from  these  non-heat 
exchanger  sources  corrodes,  it  can  plate  out  on  carbon  steel  equipment,  which  initiates 
rapid  pitting  from  galvanic  cell-type  reactions  (Ref.  4).  As  a  result,  copper  and  copper 
alloys  have  been  changed  to  corrosion  resistant  steel  alloys  and/or  use  of  protective 
coatings,  thereby  eliminating  the  contaminants  in  boiler  blowdown  and  steam  conden- 
sate streams. 

Below  .  ;  an  estimate  of  the  cost  ratios  for  various  construction  materials: 

Material  of  Construction  Cost  Ratio 

•  Carbon  steel  -  1 

•  Copper  alloy  (cupronickel)  -  1.5 

•  Stainless  steel  -  2.5 

•  Titanium  alloy  -  6.0 

5.0  SUMMARY 

Water  conditioning  chemicals  added  to  boiler  and  cooling  tower  make-up  water, 
concentrate  during  the  operation  of  these  systems,  resulting  in  potentially  toxic 
blowdowns.  Rather  than  implementing  end-of-pipe  treatment,  the  preferred  method  to 
minimize  or  avoid  toxic  effluents  is  to  use  alternative  water  conditioning  chemicals. 
However,  the  selection  of  water  treatment  chemicals  is  highly  specific  to  the  nature  of 
the  system,  and  alternative  treatment  chemicals,  will  introduce  different  contaminants 
to  the  system.  The  net  results  including  cost,  performance  and  envirormiental  impact 
of  new  conditioning  chemicals  must  be  carefully  assessed  before  a  change  is  made. 

As  well,  the  raw  water  source  should  be  selected  with  care  to  avoid  the  need  for 
excessive  treatment  (which  may  result  in  potentially  toxic  discharges)  and  the  materials 
of  construction  should  be  selected  to  avoid  corrosive  metals.   In  summary,  water 
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treatment  chemicals,  raw  water  and  materials  of  construction  should  be  selected  so  that 
the  net  loadings  of  "Priority  1"  contaminants  in  the  effluent  are  minimized. 
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Table  Al 

Water  Treatment  Chemical  Usage  for  Boiler  and  Cooling  Tower 

Make-up  Water 

FacUJt; 

Waur  Um 

Flow 

(m^/d) 

AddJUrcs 

Primary  CoaUmliiaoU  of 
CoDccm 

Allied  Chemical 
Canada  Ltd. 

Cooling  tower 
make-up 

Not 
available 

•    Betz  45 

•    Chromium 

Cabot  Canada 
Lid. 

Boiler  make-up 

Not 
available 

•  Caustic  Soda 

•  Amerplex  705 

•  Amercer  Mark  III 

•    None  identified 

Cyanamid  Canada 
Inc.  (Maiiland) 

Boiler  make-up 

28.8 

•  Ferrous  sulphate 

•  Bciz  C-68 

•  Beu  J-12 

•  Sulphate 

•  Not  Available 

•  Not  Available 

Explosives 

Technologies 

International 

Boiler  makeup 

Not 
available 

•    Not  Available 

•    Not  available 

ICI  Nitrogen 
Products 

Cooling  lower 
and  boiler 
make-up 

480 

•    Not  Available 

•    Not  available 

ICI  Forest 
Products 

Cooling  tower 
make-up 

Not 
available 

.Alchem  71-D-5 
Alchem  81-C-09 
Alchem  7330 
Alchem  8365 
Ambcrtiie  IRA-402 
Andcrron  RC-30 
Sodium  hypochlorite 
Sodium  hydroxide 

None  identified 
None  identified 
None  identified 
None  identified 
None  identified 
None  identified 
Chloride 
None  identified 

Liquid  Carbonic 
Inc.,  Maiiland 

Cooling  tower 
make-up 

Not 
available 

Betz  C-63P 
Betz  MS-120 
Betz  J-12 
Betz  35106 
Beu  K-1-2 

Bromine/Bromide 
Not  available 
Not  available 

Phosphate/phosphate  dcrivaiives 
Not  available 

Nitnschem 

Cooling  tower 
and  boiler 
make-up 

Not 
available 

Dearborn  657 
Dearborn  698 
Dearborn  66 
Dearborn  817 
Dearborn  AM% 
•    Dearborn  17 
Sanfax  BG26 

Phosphate/phosphate  derivatives 
Phosphate/phosphate  derivatives 
«    Not  available 
Not  available 
Not  available 
Not  available 
Not  available 

Linde,  Moore 
Township  site 

Cooling  tower 
make-up 

12 

Dearborn  735 
Dearborn  Poly-El-PH905 

Bromine/bromide 
Phosphate/phosphate  derivalives 

Linde,  Samia  site 

Cooling  tower 
make-up 

46.6 

Dearborn  735 

•  Dearborn  Poly-El -PH905 

•  Bird-Archer  3057 

•  BromineAiromide 

•  Phosphate/phosphate  derivatives 

•  Not  available 

Puriian-Benneit 

Cooling  tower 
make-up 

Not 

Available 

Dearborn  717 
•    Dearborn  702 

•  None  identified 

•  None  identified 
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Table  Al  (Cont'd) 

Water  Treatment  Chemical  Usage  for  Boiler  and  Cooling  Tower 

Make-up  Water 

Faculty 

Waur  Use 

Flow 

(m'/d) 

Additives 

Prlmaxy  CiMitwnilimiti  «C 
Conccni^ 

Suico 

Cooling  tower 
and  boiler 
make-up 

68.1 

•  Dearborn  817 

•  Dearborn  4085 

•  Dearborn  4463'* 

•  Chlorine 

•  Dcarcide  702 

•  Dearade  700 

•  AJkamecn 

•  Phosphate/phosphate  derivaiiva 

•  Not  available 

•  Zinc 

•  Chlorine/chloride 

•  None  identified 

•  None  identified 

•  None  identified 

Linde,  Sault  Sle. 
Marie  Site 

Cooling  tower 
make-up 

672 

•  Dearborn  546 

•  Dearbom  726 

•  Poly-El -PH905 

•  Dcarcide  747 

•  Chlorine/chloride 

•  None  identified 

•  Phosphate/phosphate  derivatives 

•  Molybendum 

Notes: 

1.  Only  facilities  where  blowdown  is  discharged  directly  are  included  here. 

2.  Primary  contaminants  of  concern  Identiried  include:  chromaie/zinc,  phosphates,  chloride  and  bromide. 

3.  Information  provided  by  Allied  Chemical  Canada  Ltd. 

4.  Dearbom  4463  was  exchanged  for  a  phosphate-based  treatment  chemical  mid-way  through  the  MISA  Monitoring 
Regulation  pcnod  (Ref.  6). 
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TECHNOLOGY  REPORT 
CYCLONE  SEPARATORS  FOR 
SUSPENDED  SOLIDS  REMOVAL  FROM  BOILER  BLOWDOWN 


1.0  DESCRIPTION 

A  cyclonic  separator  uses  inertial  forces  to  remove  solids  suspended  in  a  third  medium. 
Liquid  with  solids  entenng  the  unit  forms  a  vortex  and  particulates  in  the  water  stream, 
because  of  their  inenia  relative  to  the  liquid  stream,  tend  to  move  toward  the  outs.de 
wall.  They  drop  from  the  wall  inside  of  the  cyclone,  to  an  external  receiver  for 
eventual  disposal. 


2.0  APPLICATIONS 

Cyclone  separators  have  previously  been  used  to  remove  solids  from  water  streams  in 
water  supply  (river/lake)  applications  and  in  mining  and  mineral  processmg  operations 
where  there  is  a  significant  concentration  of  large  particles  in  the  water  stream.  They 
have  also  been  extensively  used  in  the  pulp  and  paper  facilities  to  clean  pulp  and  paper 
stock  slurries. 

For  boiler  blowdowns,  specially  designed  separators/heat  recovery  units  have  been 
developed  to  separate  water  and  solids  and  recover  flash  steam  m  a  smgle  unit.  The 
separator  takes  heat  out  of  the  blowdown  steam  and  recovers  it  in  the  boiler  make-up 
water,  and  reduces  drain  temperature  to  38  to  43  °C.  With  the  flash  separator  100 
percent  of  the  heat  in  the  flash  steam  is  recovered.  This  is  not  the  case  if  the 
blowdown  is  simply  dumped  to  a  hot  well  or  a  blowdown  tank. 

In  general,  cyclone  separators  are  best  suited  for  applications  where  the  water  or 
wastewater  stream  contains  a  high  level  of  larger  particles,  where  the  cyclone  separator 
is  coupled  with  other  devices  such  as  filters  which  are  more  suited  to  remove  fine  par- 
ticles and  in  the  treatment  of  boiler  blowdown  where  heat  recovery  is  a  pnme  con- 
sideration. Special  devices  based  on  cyclone  principle  have  been  used  with  success  m 
this  latter  application. 

3.0  ONTARIO  APPLICATIONS 

Cyclone  separators  can  be  considered  for  the  removal  of  suspended  solids  from  streains 
such  as  boiler  blowdown,  cooling  tower  blowdown  and  water  filter  and  softener  back- 
wash. The  technology  would  be  most  suitable  for  boiler  blowdowns. 
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For  streams  such  as  cooling  tower  blowdown,  and  water  filter  and  soft-rier  backwash, 
physical/chemical  processes  such  as  clarification  and  filtration  have  bee:  more  popular 
for  suspended  solids  removal  because  of  their  capability  to  remove  both  large  and  finer 
solids.  Cyclone  separators  are  most  efficient  in  removing  larger  particles  and  therefore 
are  limited  in  their  applications. 


4.0  DESIGN  INFORMATION 

The  design/capacity  of  a  cyclonic  type  separator  will  depend  on  a  number  of  variables 
such  as  liquid  flow  rate,  temperature,  pressure,  size  and  density  of  suspended  material, 
pressure  drop  across  unit,  inlet  suspended  solids  level  and  degrees  of  classification 
required. 

For  boiler  blowdown  applications,  one  manufacturer  of  a  speciality  separator  (Ref.  1) 
provides  units  ranging  in  capacity  from  980  to  9,800  m''/d.  Where  larger  capacities  are 
required,  muhiple  units  are  used. 

Boiler  blowdown  separators  are  usually  constructed  of  carbon  steel.  Internal  heat 
exchange  coils  are  copper  or  stainless  steel. 


5.0  PERFORMANCE 

Cyclones  can  remove  larger  particles  but  will  operate  with  reduced  efficiency  for 
smaller  particle  sizes.  Collection  efficiency  drops  off  rapidly  as  the  particle  size 
decreases.  Typically,  a  cyclone  separator  will  be  effective  for  particles  down  to  15 
microns. 

One  potential  problem  in  the  use  of  cyclones  is  the  reluctance  of  certain  collected  part- 
iculates to  drop  from  the  cyclone  wall.  This  condition,  agglomeration,  can  occur  if 
particles  are  fibrous  or  sticky.  For  this  reason,  use  of  cyclones  on  streams  containing 
oily  solids  is  not  recommended. 


6.0  OPERATING  REQUIREMENTS 

Low  pressure  cyclone  separators  typically  operate  with  a  pressure  drop  of  70-100  kPa 
between  the  feed  and  liquid  outlet.  Electrical  power  would  be  required  for  the  inlet 
feed  pump  (except  in  the  case  of  boiler  blowdown).  Separated  solids  may  require 
further  dewatering  prior  to  disposal.  The  separator  has  no  moving  parts  so  that  main- 
tenance of  the  unit  is  manual.  Periodic  cleaning  of  the  separator  would  typically  be 
once  per  year. 
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7.0  CAPITAL  COST 

Typical  costs  for  boiler  blowdown  separators  are  as  follows: 

Capacity  of  980  m^d  -  $3,900  to  $7,700 

Capacity  of  9,800  m^d  -  $19,000  to  $29,000 

Costs  included  35  percent  installation,  30  percent  estimating  contingency,  15  percent 
engineering  and  7  percent  G.ST.  (ENR  CCI  6343). 

8.0  OPERATING  COST 

Operating  costs  for  a  cyclone  separator  are  minimal.  Electrical  power  is  consumed  by 
the  feed  pump  (not  required  in  case  of  boiler  blowdown)  and  a  yearly  mainten- 
ance/cleaning of  the  separator  is  typically  required. 

9.0  REFERENCES 

1.  Vendor  Information,  Penn  Flash  Economizer,  Pennsylvannia  Separator  Com- 
pany, Brookville,  PA. 

2.  Engineering  News  Record  Construction  Cost  Index  for  Toronto,  March,  1991. 
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TECHNOLOGY  REPORT 
OIL  AND  GREASE  REMOVAL  BY  ABSORPTION 


1.0  DESCRIPTION 

For  small  streams  containing  low  concentrations  of  oil  and  grease,  an  alternative  to 
gravity  oil/water  separation  methods  involves  the  use  of  a  granular  sorbent  material 
such  as  KLENSORB**  in  a  fixed  bed  contractor  vessel,  similar  to  activated  carbon.  The 
exhausted  absorbent  cannot  be  regenerated  but  can  be  disposed  of  by  incineration 
along  with  absorbed  oil  (or  by  landfilling). 

The  sorbent  material  reportedly  has  an  oil  absorptive  capacity  up  to  60  weight  percent. 

2.0  APPLICABILITY 

KLENSORB"^  has  been  used  as  a  replacement  for,  or  as  a  supplement  to,  activated 
carbon  adsorption  as  an  oil  in  water  polisher  prior  to  ion  exchange  or  other  water 
treatment  processes  susceptible  to  oil  and  hydrocarbon  fouling.  Typical  KLENSORB^ 
applications  include: 

Recovery  of  low  pressure  steam  condensate 

Treatment  of  gasoline  contaminated  groundwater 

Treatment  of  wastewater 

Oil  polishing  from  ultra  filtration  systems 

Protection  of  reverse  osmosis,  desalination,  or  ion  exchange  units 

Protection  from  oil  spill  intrusions 

3.0  ONTARIO  APPLICATIONS 

The  technology  is  applicable  to  low  flow  air  compressor  condensate  streams  potentially 
contaminated  with  low  levels  of  oil  (10-50  mg/L).  For  this  application  (i.e.  relatively 
low  flows  and  low  oil  contamination),  KLENSORB^  and  other  disposable  sorbents  may 
offer  cost  advantages  over  other  oil  removal  processes. 

4.0  DESIGN  INFORMATION 

The  design  criteria  for  KLENSORB^  system  is  similar  to  a  typical  granular  activated 
carbon  system.  The  following  design  parameters  are  recommended  by  the  supplier: 
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Bed  Depth 
Hydraulic  Loading 
Contact  Time 
Backwash  Rate 
Bed  Expansion 


1  m  (min.) 
7.3  to  9.8  m^/m^h 
15  minutes  (min.) 
29  m3/m2.h  at  27  °C 
20  percent 


Mechanical  features  for  KLENSORB'*  filter  system  should  include: 

•  Suitable  underdrain  to  assure  uniform  water  flow  throughout  the 
KLENSORB*^  bed. 

•  Where  required,  packed  gravel  around  underdrains  for  applications 
involving  infrequent  KLENSORB^  replacement  and  high  oil  loading. 

•  Adequate  free  board  to  allow  for  proper  bed  expansion  if  backwash 
capability  is  necessary.  (Note:  Bed  expansion  caused  by  oil  retention  in 
the  spent  KLENSORB^  is  negligible). 

•  Access  for  potential  vacuum  removal  of  spent  KLENSORB**. 


5.0 


PERFORMANCE 


A  full  scale  test  employing  KLENSORB'^  to  treat  and  recycle  oily  condensate  in  a 
petrochemical  plant  reportedly  yielded  an  average  effluent  oil  concentration  of 
approximately  0.3  mg/L  with  an  average  influent  of  6  mg/L.  The  effluent  oil 
concentration  was  apparently  at  or  below  the  detection  limit  (0.1  mg/L)  for  45  percent 
of  the  test  period. 

The  maximum  effluent  oil  concentration  observed  was  reportedly  2.7  mg/L  when  the 
influent  concentration  exceeded  50  mg/L.  For  air  compressor  condensate  containing  10 
to  15  mg/L,  effluent  oil  levels  will,  in  most  cases,  be  less  than  1  mg/L.  KLENSORB^  is 
not  normally  recommended  for  cases  where  high  oil  concentrations  (>  50  mg/L)  are 
present  since  the  life  of  the  material  is  principally  a  function  of  the  total  amoimt  of  oil 
removed.  In  these  cases,  a  gross  oil  removal  device  (i.e.  stream  tank,  plate  separator 
etc.)  is  required  to  remove  the  bulk  of  the  oil.  Likewise  high  levels  of  suspended  solids 
in  the  influent  would  affect  performance  of  the  KLENSORB'*  unit.  More  frequent 
backwashing  would  be  required  resulting  in  larger  volumes  of  wastewater  for  disposal. 

For  an  air  compressor  condensate  stream  of  3  m'/d  and  containing  15  mg/L  oil,  a 
KLENSORB^  column  0.3  m  in  diameter  with  1  m  bed  would  have  a  theoretical 
capacity  of  over  two  years. 
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6.0  OPERATING  REQUIREMENTS 

Spent  material  is  commonly  disposed  at  either  an  appropriate  landfill  facility  or  through 
incineration.  The  composition  of  KLENSORB*^  has  a  fuel  value  of  some  32,600  kJ/kg 
which  is  comparable  with  many  grades  of  bituminous  coal. 

Backwashing  of  a  KLENSORB*^  column  using  water  may  be  required  to  remove 
filtered  solids  from  the  surface  of  the  media  bed  if  solids  are  present  in  the  influent. 


7.0  CAPITAL  COST 

The  cost  of  the  sorbent  material  itself  is  in  the  order  of  $7  to  $9  per  kg.  A  small  fixed 
bed  contactor  (approximately  0.3  m  diameter  and  1.5  m  straight  side)  to  treat  2  to  3 
m-'/d  flow  with  backwashing  facilities  will  cost  approximately  $23,000  to  $31,000, 
including  35  percent  installation,  15  percent  engineering,  30  percent  estimating 
contingency  and  G.S.T.  (ENR  CCI  6343). 


8.0  OPERATING  COST 

On-going  operating  costs  include  the  following: 

•  Sorbent  replacement  at  $7  to  9  per  kg  of  material  and  disposal  of  spent 

material. 


9.0  REFERENCES 

1.  Vendor  Information,  Calgon  Carbon  Corporation,  Pittsburgh,  PA,  KLENSORB^ 
Application  Bulletin. 

2.  Engineering  News  Record  Construction  Cost  Index,  for  Toronto,  March  1991. 
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TECHNOLOGY  REPORT 
MERCURY  SPECIFIC  ION  EXCHANGE  RESIN 


1.0  DESCRIPTION 

An  alternative  to  sulphide  precipitation  for  mercury  removal  involves  the  use  of  a 
mercury-specific  ion  exchange  resin,  developed  by  Akzo  Zout  Chemie,  Delefijl  in  the 
Netherlands.  This  approach  is  referred  to  as  the  Akzo  Imac  TMR  Process.  This 
process  is  apparently  widely  used  in  Europe  and  elsewhere  in  the  world  but  has  not 
penetrated  the  North  American  market  with  the  exception  of  its  use  at  a  Monsanto, 
U.S.  facility  in  the  late  1970s  (Monsanto  is  no  longer  a  chlorine  producer). 

Akzo  developed  the  process  for  its  own  use  and  has  contracted  with  Tebodin 
Consulting  Engineers  to  sell  the  technology  to  others.  The  Imac  TMR  resin  used  in  the 
process  is  also  sold  by  Rohm  &  Haas  as  Duolite  GT-73,  and  Sybron  Chemicals 
manufactures  a  SR-4  resin  which  appears  to  be  equivalent.  In  addition,  Mitsubishi 
Chemical  Industries  claims  to  market  an  equivalent  product  through  its  subsidiaries 
residing  in  Europe  and  Dianex  in  North  America.  The  references  in  Section  9  list 
several  reports  and  articles  on  mercury  specific  resin  applications. 

The  ion  exchange  unit  which  contains  the  resin  is  typically  of  metal  fabrication  and 
cylindrical  in  shape.  It  may  also  be  fitted  with  a  simple  spray  mechanism  used  for 
backwashing  of  the  unit.  The  most  common  configuration  for  the  operation  of  ion 
exchange  units  is  fixed  bed,  countercurrent  flow.  In  this  operating  mode,  wastewater  is 
passed  through  the  resin  bed  in  a  direction  opposite  to  be  backwash,  regeneration 
liquid  and  rinse  water  flows.  The  use  of  multiple  beds  may  provide  continuous  service 
and  requires  the  use  of  only  one  regeneration  system. 


2.0  GLOBAL  APPLICATIONS 

In  Europe,  the  mercury  specific  ion  exchange  resin  system  is  used  as  a  primary 
treatment  for  mercury  removal  from  cell  room  wastes.  The  regeneration  of  the  resin 
with  hydrochloric  acid  recovers  the  mercury,  which  is  recycled  back  to  the  electrolysis 
plant  and  used  to  acidify  the  brine,  whereby  mercury  is  returned  to  the  chlorine  plant. 
Table  1  presents  a  list  of  facilities  that  were  using  this  process  in  1979.  Figure  Al 
presents  a  flow  schematic  of  the  ion  exchange  process. 

Using  the  ion  exchange  resin  for  primary  mercury  treatment,  the  following  process 
steps  are  necessary: 
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Table  1 
Imac  TMR  Project  Information  Sheet 

Company 

Sitc/C0DDlJ7 

Trtalmcnl 

Capacity  (m^/b) 

SUrt-Up 

AZC 

Delfziji 

Waste  water 

15 

1973 

AZC 

Hengelo 

Waste  water 

5 

1978 

AZC 

Rouerdam 

Waste  water 

15 

1976 

ECI 

Germany 

Waste  water 

15 

1975 

Norsk  Hydro 

Norway 

Waste  water 

10 

1975 

Norsk  Hydro 

Norway 

Brine 

-» 

1975 

Borregaard 

Norway 

Waste  water 

15 

1976 

Dynamil  Nobel 

Germany 

Waste  water 

15 

1977 

Ciba  Geigy 

Switzerland 

Waste  water 

5 

1977 

BP 

Great  Britain 

Waste  water 

7J 

1979 

SNEP 

Morocco 

Waste  water 

10 

1977 

Kymene  Oy 

Finland 

Waste  water 

6 

1977 

PanAmerica 

Br^l 

Waste  water 

4 

1979 

Monsanto 

U.S.A 

Waste  water 

35 

1979 

CI. 

Cuba 

Waste  water 

6 

1979 

S  nia  Viscosa 

Italy 

Waste  water 

9 

1979 

Anic 

Italy 

Waste  water 

15 

1979 

Anic 

Italy 

Brine 

60 

1979 

•  Flow  equalization 

•  Oxidation,  pH  adjustment 

•  Filtration 

•  Two  stage  dechlorination,  using  sodium  bisulphite  (NaHS03)  or  sodium 
sulphite  (Na2S03). 

•  Granular  activated  carbon  filter  adsorption 

•  Ion  exchange. 

The  ion  exchange  resin  has  also  been  demonstrated  to  be  effective  for  tertiary  removal 
of  mercury  following  sulphide  precipitation. 
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The  LCP  Chemicals  Company,  Solvay,  New  York  plant,  which  was  closed  in  June  1988, 
is  currently  undergoing  facility  decommissioning  and  site  remediation.  LCP  used  a 
sulphide  precipitation  process  when  the  plant  was  operating  and  reported  effluent 
concentrations  of  30  \igfL  mercury  when  the  system  was  operating  well.  The  plant 
treated  about  1,363  m^/d  of  cell  room  wastewater.  They  are  currently  using  the 
sulphide  precipitation  system  for  mercury  removal  from  contaminated  groundwater,  and 
polishing  the  treated  effluent  with  the  Rohm  &  Haas  GT-73  mercury  specific  ion 
exchange  resin. 

The  Occidental  Chemical  plant  in  Muscle  Shoals,  Alabama,  which  uses  a  hydrazine 
reduction  process  for  mercury  control,  is  also  in  the  engineering  phase  for  adding  an 
ion  exchange  polishing  unit.  They  currently  treat  between  380  and  570  mVday  of  cell 
room  wastewater  and  expect  to  install  the  ion  exchange  unit  in  late  1991. 

The  tertiary  treatment  system  is  applicable  over  a  full  range  of  flow  rates,  and  has  been 
demonstrated  effective  for  treating  effluents  from  the  sulphide  precipitation  process. 
Figure  A2  presents  a  flow  schematic  of  the  tertiary  treatment  process. 


3.0  ONTARIO  APPLICATION 

Only  one  mercury  cell  chlor-alkali  production  facility,  ICI  (Cornwall),  is  included  in  the 
Ontario  Inorganic  Chemical  Sector.  Cell  room  wastewater  is  currently  treated  by 
sulphide  precipitation  followed  by  filtration  and  activated  carbon  adsorption.  Since  a 
primary  wastewater  treatment  facility  already  exists  at  the  Ontario  plant,  the  tertiary 
treatment  system  will  be  considered  as  an  option  for  the  cell  room  wastewater  stream. 


4.0  DESIGN  INFORMATION 

Table  2  presents  design  information  provided  by  Akzo  and  Rohm  &  Haas  for  the  ion 
exchange  resin. 

At  the  LCP  plant,  a  Rohm  &  Haas  GT-73  resin  is  used  in  an  ion  exchange  unit 
designed  to  treat  270  mVd  of  effluent  from  their  sulphide  precipitation/filtration 
process.  Their  system  has  the  following  design: 

Resin  0.3  m^ 

•  Flow  rate  (volume  of  effluent  per  volume  of  resin  per  h)  38  h'^ 
Bed  depth  1.2  m 

•  Row  rate  0.8  m/min 
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Table  2 
Design  Information  on  Mercury  Specific  Ion  Exchange  Resins 

Parmmcicr 

AKZO 

DMUle  GT-73^                      | 

Flow  Rale  (volume  efDueni  per 
volume  of  resio  per  hour) 

10  m/h 

S-20  mA\                         1 

Bed  depth 

1.2-1.7  m 

OS-US  m 

PH 

1-14 

Pressure  drop  at  now  rate  of  10  m/h 

0.1-0.2  m 

Temperature  of  effluent 

<80  °C,  preferably 
<40°C 

■ 

NaQ  concentration 

Any  concentralion 

- 

Operating  capacity 

300-1,000  meq/L 

Backwash  flow  rate 

10-12  m/h 

Note: 

1.               Formerly  known  as  Imac  TMR  and  Imac  GT-73. 

5.0 


PERFORMANCE 


Akzo  Zout  Chemie  guarantee  to  their  licensees  an  effluent  mercury  concentration  of 
0.005  mg/L.  LCP  Chemicals  was  issued  an  effluent  discharge  permit  by  the  U.S.  EPA 
in  May  1991,  that  limits  total  mercury  to  a  concentration  of  5  \ig/L  on  an  average  daily 
basis,  or  a  total  loading  of  0.0004536  kg/d.  They  estimated  the  influent  concentration 
to  the  ion  exchange  process  at  30  to  50  jig/L. 


6.0 


OPERATING  REQUIREMENTS 


The  time  interval  between  regeneration  of  the  resin  can  vary  between  one  month  to 
one  year,  depending  on  the  amount  and  composition  of  wastewater,  the  resin  age  and 
operation.  Figure  3  shows  the  relationship  between  capacity  of  the  resin  and  mercury 
concentration  in  the  wastewater.  This  relationship  applies  to  fresh  resin  and  shows  that 
at  a  mercury  concentration  of  10  mg/L  in  wastewater,  the  resin  can  absorb  as  much  as 
100  g  mercury  per  litre  of  resin  before  it  requires  regeneration.  This  means  that  10,000 
m^  of  such  wastewater  can  be  treated  with  1  m^  of  resin  before  regeneration 

LCP  Chemicals  have  calculated  a  six  year  life  for  their  resin  without  regeneration, 
because  of  the  relatively  low  influent  concentrations  resulting  from  upstream 
precipitation.  The  resin  is  generated  with  hydrochloric  acid. 
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Chemical  damage  to  the  resin  is  expected  in  the  form  of  oxidation  of  -  SH  groups. 
This  can  resuh  from  oxidizing  agents  such  as  chlorine  and  other  strong  oxidants  in  the 
presence  of  ferric  ions.  If  the  oxidizing  reaction  with  the  resin  is  caught  before  it 
becomes  irreversible,  the  resin  can  be  reactivated  with  a  proprietary  reactivation 
procedure  also  offered  by  Akzo  Zout  Chemie.  Dechlorination  ahead  of  ion  exchange 
helps  to  mitigate  these  effects. 

Apart  from  regeneration  and  possible  reactivation,  the  only  operating  requirements  are 
labour  and  energy  associated  with  operation  of  the  system.  At  all  chlor-alkali  plants, 
hydrochloric  acid  is  readily  available  for  regeneration. 


7.0  CAPITAL  COSTS 

A  fixed  bed,  countercurrent  ion  exchange  unit  would  cost  approximately  $790,000  to 
$890,000  (including  $40,000  for  resin)  based  on  the  following: 

•  Wastewater  flowrate  =  230  m^/d. 

•  Influent  mercury  levels:  140  jig/L. 

•  Fittings  for  regeneration  system  included. 

•  Waste  storage  tanks,  etc.  not  included. 

•  Installation    at    35    percent,    engineering    at    15    percent,    estimating 
contingency  at  30  percent  and  7  percent  G.S.T.  included. 

ENR  CGI  (Toronto)  at  6343. 

Unit  costs  quoted  for  mercury  specific  resins  (including  G.S.T.)  are: 

.  •  Rohm  &  Haas  Duolite  GT-73 

0.2  -  1.1  m^:   $22,800/m^  (1991) 

SybronSR-4 

0.02  -  0.2  m^:  $18,600/m3  (1991) 
0.82  -  2.8  m^  $17,000/m^  (1991) 
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8.0  OPERATING  COSTS 

It  is  anticipated  that  ion  exchange  at  ICI  (Cornwall)  will  not  require  frequent 
regeneration.  When  required,  hydrochloric  acid  will  be  readily  available  onsite  and 
recycled  back  to  the  process  after  regeneration.  In  addition,  labour  and  energy  costs 
should  be  negligible  in  comparison  to  those  already  associated  with  wastewater 
treatment. 
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TECHNOLOGY  REPORT 
BIOLOGICAL  NITROGEN  REMOVAL 

1.0  DESCRIPTION 

Biological  nitrification  is  the  two  step  oxidation  process  resulting  in  ^^e  conversion  of 
ammonium  (NH4)  to  nitrate  (NO3).  The  process  is  completed  primarily  by  hvo  general 
o?^croorganisms:  Nitrosomonas  and  Nitrobacter.  The  overall  reaction  of  the  nitnfica- 
tion  process  is  as  follows: 

22  NH4+  +  37  O2  +  4  CO2  +  HC03-  -.  C5H7NO2  +  21  NO3-  +  2  H2O  +  42  H+ 

Cell  matter  is  produced  by  the  nitrification  process.  Approximately  4.2  mg  of  oxygen  is 
consumed  by  the  nitrification  process  for  each  mg  of  ammonium  converted. 

Denitrification  is  the  process  by  which  microorganisms  reduce  nitrate  ion  to  nitrogen, 
nitrous  oxide  or  nitric  oxide.  Under  anoxic  conditions,  nitrate  dissimilation  occurs 
through  a  series  of  reactions  catalyzed  by  specific  enzymes,  according  to  the  following 
equation: 

NO3  +  1.08  CH3OH  +  H+  -.  0.065  C5H7O2N  +  0.47  N2  +  0.76  CO2  +  2,44  H2O 

Nitrification  and  denitrification  may  be  achieved  in  a  number  of  biological  process 
configurations  that  are  generally  classified  as  suspended  growth,  fixed  film  or  hybnd 
processes. 

2.0  GENERAL  APPLICATION 

Nitrification  and  denitrification  have  been  demonstrated  at  municipal  wastewater  treat- 
ment plants,  where  influent  ammonia  concentrations  range  from  approximately  15  to  z:> 
mg/L. 

Biological  nitrogen  removal  has  also  been  successfully  used  to  treat  wastewater  from 
industries  such  as  synthetic  rubber,  pulp  and  paper,  pharmaceutical,  petroleum  refinery 
and  tanning,  with  influent  ammonia  concentrations  ranging  from  30  to  70U  mg/L  (Kei. 

At  one  nitrogen  fertilizer  in  the  U.S.,  aerobic  and  anaerobic  lagoons  are  used  to  reduce 
nitrogen  levels  from  150  to  200  mg/L  by  up  to  98  percent  (Ref.  2).  Methanol  is  added 
as  a  carbon  source  to  the  denitrification  lagoons.  Biological  treatmerit  has  also  been 
used  on  coke  plant  wastewater  containing  up  to  3,000  mg/L  of  free/fixed  ammonia, 
cyanide  and  thiocyanate,  in  a  full  scale  facility  at  a  steel  plant  m  Orem,  Utah  (Ref.  3). 
Pilot  scale  studies  carried  out  by  Environment  Canada  have  shown  removal  efficiencies 


Biological  Nitrogen  Removal 
TOR/INORG3/999.51 


greater  than  90  percent  for  total  nitrogen,  as  well  as  phenolics,  thiocyanate,  total  cyan- 
ide and  suspended  solids  in  a  nitrification-denitrification  system  treating  coke  plant 
wastewater  combined  with  blast  furnace  scrubber  blowdown  (Ref.  4). 


3.0  ONTARIO  APPLICATIONS 

Biological  nitrogen  removal  is  being  considered  for  effluent  and  in-plant  wastewater 
streams  generated  in  Ontario  Inorganic  Chemical  sector  plants.  Streams  with  organic, 
ammonia  and  nitrate  concentrations  above  20  to  30  mg/L  on  a  consistent  basis  will  be 
considered  for  treatment. 


4.0  DESIGN  INFORMATION 

As  discussed  in  Section  1.0,  several  types  of  nitrification  and  denitrification  systems  can 
be  utilized  to  achieve  the  same  levels  of  treatment.  For  the  purposes  of  providing 
order-of-magnitude  cost  estimates  for  implementation  of  biological  treatment  at 
selected  Ontario  Inorganic  Chemical  Sector  Plants,  one  type  of  process  was  examined. 
The  biological  fluidized  bed  process,  illustrated  in  Figure  Al,  is  discussed  in  the  follow- 
ing sections,  with  respect  to  capital  and  operating  requirements  and  costs. 

The  high  intensity  biological  fluidized  bed  treatment  process  is  a  novel  fixed-film  short 
hydraulic  retention  time  (HRT)  system.  It  has  been  developed  as  a  modification  of 
more  conventional  fixed  film  biological  systems,  such  as  the  trickling  filter,  packed  bed 
reactor  or  rotating  biological  contractor  (RBC),  for  carbon  oxidation,  nitrification  and 
denitrification  of  municipal  and  industrial  wastewater.  A  secondary  clarifier  is  not  gen- 
erally required. 

The  basic  biological  fluidized  bed  treatment  concept  involves  passing  a  wastewater 
upward  through  a  bed  of  granular  media  such  as  sand  at  a  velocity  sufficient  to  expand 
the  bed  beyond  the  point  at  which  the  frictional  drag  is  equal  to  the  net  downward 
force  of  gravity.  The  upflow  velocity  of  the  liquid  phase  produces  a  fluidized  state  of 
motion  in  the  granular  bed.  A  population  of  microorganisms  is  developed  as  an 
attached  film  on  the  surface  of  the  fluidized  media.  The  support  media  provides  a  very 
large  surface  area  (3,000  to  4,000  m^/m^)  for  biomass  growth,  restilting  in  reactor 
biomass  concentrations  up  to  an  order  of  magnitude  higher  than  characteristic  of  con- 
ventional suspended  growth  processes. 

Since  the  early  1970's,  potential  advantages  of  the  biological  fluidized  bed  process  have 
been  reported.  Numerous  researchers  have  become  involved  in  the  evaluation  of  the 
technology  for  the  treatment  of  potable  water  as  well  as  domestic  and  industrial  waste- 
waters. All  the  basic  biological  treatment  processes  including  carbon  oxidation,  nitrifi- 
cation and  denitrification  have  been  assessed.  The  process  has  been  evaluated  in  the 
anaerobic,  anoxic,  aerobic  and  oxygenic  (using  pure  oxygen)  operating  modes. 
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The  principal  advantage  of  the  biological  fluidized  bed  process,  compared  to  conven- 
tional biological  systems,  is  the  reduced  reactor  volumes  necessary  to  achieve  a  similar 
degree  of  treatment.  The  high  volumetric  conversion  efficiencies  characteristic  of 
fluidized  bed  processes  are  a  direct  result  of  the  high  biomass  concentration  achievable 
in  these  reactors.  Biomass  concentrations  of  10  to  15  g  VSS/L  have  been  achieved  in 
fluidized  bed  reactors  operated  for  carbon  oxidation  and  combined  carbon  oxidation- 
nitrification.  For  denitrification,  biomass  concentrations  in  the  range  of  20  to  40  g 
YSS/l.  have  been  reported.  These  high  biomass  concentrations  can  result  in  up  to  an 
order  of  magnitude  reduction  in  the  reactor  hydraulic  retention  time  (HRT)  necessary 
to  effect  a  given  degree  of  treatment.  In  addition,  the  fixed  film  nature  of  the  fluidized 
bed  process  can  eliminate  the  need  for  secondary  clarification  of  the  wastewater  in 
many  instances. 

Table  1  presents  typical  design  parameters  for  a  fluidized  bed  nitrification-identification 
system. 


Table  1 
Design  Parameters  for  Nitrification-Denitrification  Using  Fluidized  Bed  System* 

System 

Parmmcter 

VaJoe 

Aerobic  Qitrification  reactor 

HRT 

SRT 

Recycle  ratio 

Biomass  concentration 

Typical  NH3-N  loading 

Theoretical  Oj  requirement 

14  h 
70  d 
50% 

15  g  VSS/L 

0.01-0.03  g/g  VS/d 

4.2  mg  Oj/mg  MiyU 

Anoxic  denitrirication  reactor 

HRT 
SRT 

Recycle  ratio 
Biomass  concentration 

2b 

10  d 

8:1 

25  g  VSS/L 

Notes; 

1.               Based  on  pilot  scale  design  for  treating  coke  plant  wastewaten  (Ref.  4). 

Effluent  polishing  might  be  needed  depending  on  effluent  standards  and  expected  pro- 
cess removal  rates.  Suspended  solids  removal  may  be  provided  by  means  of  polymer 
addition  to  a  conventional  flocculator  clarifier  designed  at  a  conservative  hydraulic  load- 
ing (e.g.  40  m^/mVd). 


4.0 


PERFORMANCE 


Final  effluent  characteristics  achievable  by  the  biological  fluidized  bed  reactor  will 
largely  depend  on  influent  characteristics.  Table  2  presents  a  summary  of  performance 
achieved  in  two  systems  treating  coke  plant  wastewaters. 
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Table  2 
Reported  Performance  for  Nitrincation  Denitrincation  Systems  Treating  Coke 

Plant  Wastewater 

PanuDcIcr 

Study  1^ 

Stwiy2^                                      1 

InflucDl  Cooc 
(m«/L) 

Effluenl  CoDC 

RcmoTsl 
EflkicDcy  (%) 

Influent  Cone 
(œj/L) 

Etnacnl  Cane 

BcfDonJ 
Eflldcne7(%) 

Ammonia-N 

196 

\3 

99.4 

2,179 

15 

993 

TKN 

247 

11.9 

95.2 

- 

- 

Nitraie  & 
Niinte-N 

4.6 

- 

10-30 

Filterable 

Organic 

Carbon 

700 

56 

92 

- 

- 

COD 

600 

89.6 

Phenolics 

413 

0.16 

>99.9 

Thiocyanate 

346 

Z4 

99J 

2 

0.0 

>99.9 

Toul  Cyan- 
ide 

8 

6.1 

23.8 

37 

33 

91 

Noies: 

1.               Réf.  4. 
Z              Réf.  3. 

5.0 


OPERATING  REQUIREMENTS 


Theoretically,  air  could  be  used  to  supply  the  requirements  of  the  process.  High 
oxygenator  pressures  would  be  necessary  to  dissolve  the  oxygen  required  at  normal  and 
maximum  ammonia  loading  conditions.  These  operating  pressures  may  result  in  ex- 
cessively deep  oxygenator  pits  for  the  design.  In  addition,  the  presence  of  nitrogen  in 
the  liquid  phase  could  interfere  with  oxygen  transfer  and  the  possible  release  of  nitro- 
gen gas  within  the  fluidized  bed  reactors  could  adversely  affect  biofilm  adhesion. 
Therefore,  the  supply  of  pure  oxygen  to  the  nitrification  reactor  is  suggested.  Where 
pipeline  oxygen  is  not  available,  alternatives  include  the  purchase  of  bulk  liquid  oxygen 
or  on-site  production. 

The  nitrification  process  reduces  alkalinity.  Alkalinity  consumption  during  nitrification 
is  important  because  nitrifying  organisms  are  efficient  only  over  a  relatively  narrow  pH 
range.  At  the  same  time,  denitrification  is  a  net  producer  of  alkalinity.  The  production 
of  alkalinity  will  raise  system  pH  and  offset  some  of  the  loss  of  alkalinity  from  nitrifica- 
tion in  a  combined  system.  Additional  alkalinity  from  an  external  source  may  be 
required  based  on  influent  characteristics. 
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As  mentioned  previously,  an  additional  source  of  carbon  should  be  provided  to  achieve 
denitrification.  The  denitrification  process  involves  the  conversion  of  nitrate  and  nitrite 
ions  into  nitrogen  gas  by  facultative  heterotrophic  bacteria.  An  energy  source  is 
required  for  this,  and  methanol  has  been  widely  used  as  an  external  carbon  and  energy 
source  due  to  its  high  denitrification  rate,  abundance  of  supply  and  low  sludge  solids 
yield.  Because  of  high  methanol  prices,  ahemative  carbon  sources  for  denitrification 
have  been  considered  (Ref.  5). 

Sludge  disposal  and  chemical  costs  will  depend  on  the  sludge  yield  of  the  carbon  source 
used  and  the  effluent  characteristics. 


6.0 


CAPITAL  COSTS 


Preliminary  capital  cost  estimates  for  a  coupled  biological  fluidized  bed  process  includ- 
ing a  flocculator-clarifier  for  effluent  suspended  solids  removal  treating  coke  plant 
wastewater  at  approximately  1,300  m^/d  are  summarized  in  Table  3  (Ref.  4). 


Table  3 

Capital  Cost  Estimates  for  Coupled  Biological  Fluidized 

Bed  Process  Treating  Coke  Plant  Wastewaters^ 

Ilem 

Cos.24 

1.     Equipment,  instnimenuiion  and  engineering  for  two  9.8  x  6.1  m  nitriGcation  reactors,  two  Z4  x  43  m 
denitrincation  reactors  and  7.6  m  diameter  clarifier  with  polymer  system. 

$2,000,000 

2.      Concrete  reactors,  oxygenator  pits,  pump  sumps  and  7.6  m  diameter  x  3.7  m  SWD  clarifier  basin. 

$900,000 

3.     Pumps  and  pretab  pump  rooms. 

$600,000 

4.      Piping  and  valves  (erected  basis). 

$600,000 

5.     Installation  of  equipment,  motor  control  centre,  power  wiring,  site  work. 

$600,000 

Total 

$4,700,000 

Notes: 

1.  From  Ref.  4, 1984  prices  scaled  up  to  1991.  Costs  include  35%  installation,  30%  contingency  allowance,  15%  engi- 
neering and  7%  G.S.T. 

2.  ENR  CCI  6343. 

3.  Based  on  the  assumption  of  an  available  pipeline  oxygen  source.  An  additional  capiul  cost  or  $2,000,000  would  be 
required  for  a  2,700  kg/d  pressure  swing  adsorption  generation  facility. 

Cost  estimates  do  not  include  pre-treatment  processes,  such  as  flow  equalization,  pri- 
mary clarification  or  pH  adjustment. 
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For  estimating  order-of-magnitude  costs  of  a  fluidized  bed  system  for  various  flow  capa- 
cities, the  following  formula  can  be  used: 

Capital  Cost^    =    (— )°*  (Capital  Cost^) 


where: 

Q         =         design  flow  capacity 

7.0  OPERATING  COSTS 

Operating  costs,  including  oxygen,  electricity  and  chemicals  for  pH  adjustment  for  treat- 
ing coke  plant  wastewater  were  estimated  at  $0.19  per  m''  of  wastewater  treated  (1991). 
These  costs  were  based  on  the  availability  of  pipeline  oxygen,  and  would  increase  to 
$0.22/m-'  if  bulk  liquid  oxygen  were  purchased,  or  $0.17/m^  if  on-site  oxygen  production 
facihties  were  utilized. 

Methanol  requirements  are  estimated  to  be  equal  to  about  3  kg/kg  nitrate-N  removed 
(Ref.  5).   Current  (1991)  methanol  prices  are  $0.67  per  kilogram. 

Labour  requirements  will  depend  on  the  size  of  the  plant. 

Using  methanol,  approximately  0.6-0.9  kg  sludge  requiring  disposal  will  be  produced 
per  kg  of  NH3-N  removed  (Ref.  6).  Current  sludge  disposal  costs  were  estimated  at 
$50  per  m^  although  these  may  vary  widely  depending  on-site  location  and  disposal 
method. 
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TECHNOLOGY  REPORT 
DECHLORINATION 


1.0  DESCRIPTION 

Historically  chlorine  has  been  used  as  a  disinfectant  for  raw  water,  in  the  removal  of 
ammonia  (breakpoint  chlorination)  from  wastewater  and  more  recently  for  zebra  mus- 
sel control.  Residual  chlorine  exerts  toxicity  on  aquatic  organisms  and  consequently  it 
is  desirable  to  dechlorinate  effluents  prior  to  discharge. 

There  are  several  common  methods  of  dechlorinating  wastewater,  including: 

•  Treating  chlorinated  wastewater  with  sulphur  dioxide  gas. 

•  Treating  the  wastewater  with  sulphite  containing  compounds. 

•  Directing  chlorinated  wastewater  through  a  granular  activated  carbon 
bed. 

Some  prehminary  studies  have  been  done  utilizing  hydrogen  peroxide  as  a  dechlorine- 
ting  agent.   However,  these  have  met  with  limited  success. 

The  use  of  granulated  activated  carbon  absorbers  is  discussed  in  the  General  Technol- 
ogy Report,  Granulated.  Activated  Carbon  (Ref.  1)  since  this  technology  may  be  used  to 
remove  other  contaminants  in  addition  to  chlorine. 

Treatment  with  sulphur  dioxide  gas  and  sulphite  compounds  removes  free  chlorine, 
monochloramine,  dichloramine,  nitrogen  trichloride,  and  poly-n-chlor  compounds. 
Some  of  the  products  of  the  reactions  with  chlorine  include;  bisulphite,  sulphate,  chlor- 
ide, and  a  lowering  of  the  pH.  Some  of  the  products  of  the  reactions  with  chloramines 
include;  chloride,  sulphate,  bisulphite,  ammonium  and  a  lowering  of  the  pH. 

Dechlorination  using  sodium  metabisulphite  solution  is  primarily  used  at  facilities  which 
require  less  than  45  kg  of  sulphur  dioxide  each  day  or  where  storage  of  sulphur  dioxide 
is  considered  a  hazard. 

Schematics  of  solution  and  gas  feed  systems  are  presented  in  Figures  Al  and  A2. 


2.0  ONTARIO  APPLICATIONS 

Dechlorination  is  applicable  to  streams  at  plants  in  the  Ontario  Inorganic  Chemical 
Sector  who  chlorinate  intake  water,  where  chlorine  is  present  as  a  result  of  the  process, 
or  where  breakpoint  chlorination  is  being  recommended  as  a  BAT  option. 
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3.0  DESIGN  INFORMATION 

Sodium  Metabisulphite  System 

For  every  gram  of  residual  chlorine,  1.34  g  of  sodium  metabisulphite  is  required.  The 
solution  storage  and  feed  system  includes  the  following  components: 

•  A  sodium  metabisulphite  solution  storage  tank  with  approximately  one 
month  storage  capacity  for  45  percent  (expressed  as  sodium  sulphite)  sol- 
ution. 

•  A  motor  driven  chemical  feed  pump. 

•  A  continuous  dechlorination  analyzer  for  sulphite  residuals. 

•  A  controller,  to  adjust  chemical  dosage  rate  based  on  dechlorination 
analyzer,  and  flow  (if  not  constant  rate). 

•  Pressure  valves  and  chemical  feed  lines. 


Sulphur  Dioxide 

Approximately  1  g  of  sulphur  dioxide  is  required  for  every  1  g  of  residual  chlorine. 
Sulphur  dioxide  is  available  in  gas  cylinders,  ton  containers,  tank  trucks  or  tank  cars. 
The  sulphur  dioxide  may  be  added  to  the  wastewater  stream  as  a  gas  or  as  a  liquid. 

Sulphur  dioxide  feed  systems  include: 

•  A  remote  vacuum  sulphonator  with  gas  flow  control  and  injector. 

•  A  continuous  dechlorination  analyzer  for  sulphur  dioxide  residuals. 

•  A  controller  to  adjust  chemical  dosage  rate  based  on  dechlorination  ana- 
lyzer, and  flow  (if  not  constant  rate). 

4.0  PERFORMANCE 

Zero  residual  chlorine  is  achievable  with  sodium  metabisulphite  or  sulphur  dioxide 
system. 
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5.0  OPERATING  REQUIREMENTS 

The  operating  requirements  for  the  sodium  metabisulphite  dechlorination  system 
includes  restocking  the  sodium  metabisulphite  solution,  and  supplying  a  source  of  heat 
and  electricity. 

The  operating  requirements  for  the  sulphur  dioxide  system  includes  a  source  of  heat, 
and  electrical  power  and  replacement  of  the  sulphur  dioxide  gas  cylinders. 

Both  the  dispensing  systems  should  be  checked  at  least  once  a  month.  SpecificaUy,  the 
amount  of  reagent  in  the  analyzer  should  be  checked  and  maintained.  As  well,  both 
dechlorination  systems  should  undergo  a  thorough  maintenance  check  at  least  once  a 
year. 


6.0  CAPITAL  COSTS 

Capital  costs  for  the  main  components  of  each  system  are  presented  in  Table  1.  The 
dechlorination  unit  costs  were  provided  by  Wallace  and  Tierman  Canada  Inc.  The 
maximum  treatment  capacity  of  these  systems  are: 

500  kg/d  of  residual  chlorine  with  the  sodium  metabisulphite  system. 

220  kg/d  of  residual  chlorine  with  the  sulphur  dioxide  system. 

The  loading  of  residual  chlorine  expected  in  the  Ontario  Inorganic  Chemical  Sector 
effluents  ranges  from  6.0  kg/d  to  0.012  kg/d^ 

The  costs  of  the  dechlorination  units  would  not  be  reduced  significantly  for  lower  flows, 
since  the  major  components  of  the  dechlorination  units  are  the  analytical  and  control 
equipment  costs. 

The  total  estimated  capital  cost  for  the  solution  system  is  $162,900  and  for  the  gas  sys- 
tem is  $181,000. 

8.0  OPERATING  COSTS 

Operating  costs  include  $500  per  year  for  reagent  for  the  analyzer  and  chemical  sol- 
ution or  gas.  Labour  required  to  replace  solution  or  gas  cylinders,  and  perform  routine 


^  Thtf  range  is  based  on  a  maximum  concentration  of  1  mg/L  of  residual  chlorine  and  a  high  flow  of  6030  m  /d  (from 

Albright  &  Wilson,  Americas)  and  a  low  flow  of  12  m^/d  (from  Unde  (Division  of  Union  Carbide  Canada  Ud.), 
Moorr  Township  Site).  The  source  of  the  Oow  data  is  from  the  MISA  12  month  ReguUtion  Monitoring  Data. 
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inspection  and  system  maintenance  is  estimated  at  100  h  per  year  or  $2,000.    Power 
requirements  would  be  minimal. 


Table  1 
Capital  Costs  of  Installation  of  Dechlorination  Systems^                       | 

lUm 

SjrKlem                                                                                   || 

Sodium  MeUblsulphJU  Solution 

Sulpbor  Dtoddc                               || 

Items 

Cosl($) 

Items 

Cost  ($) 

Ôechiohnation 
Sysiem^ 

•  Pump  speed  controller 

•  Chemical  metering  pump 

•  Chemical  feed  lines 

•  Pressure  relief  valves 

•  Compound  loop  controller 

•  Dechlorinaior  analyzer 

•  Storage  container 

28,000 

•  Chemical  feed  lines 

•  -    Sulfonator 

•  Compound  loop  controller 

•  Dechlorination  analyzer 

•  Tank  switch  valve 

36.000 

•      Gas  cylinder  deposit 

2,000 

•      Wastewater  flowmeter 

15,000 

•      Wastewater  flowmeter 

15,000 

Housing  and 
Safety  Equipment 

•  Structure 

•  Gas  detector/alarm  system 

•  Breathing  apparatus 

•  Eye  was/safety  shower 

•  Heating/air  conditioning 

41,500 

•  Structure 

•  Gas  detector/alariB  system 

•  Breathing  apparatus 

•  Eye  wash/safety  shower 

•  Heating/air  conditioning 

41400 

Equipment  Total 

84.500 

94400 

kistallation 
(@  35%) 

29,600 

33,100 

Estimating  Contin- 
gency (@30%) 

25,400 

28,400 

Engineering 
(@  15%) 

12,700 

1430 

Subtotal 

152,200 

170,200 

GST  (@  7%) 

10,700 

11,900 

ToUl 

162.900 

181,100 

Notes: 

1.  ENR  CCI  6343. 

2.  Dechlorination  unit  costs  were  provided  by  Wallace  &  Tierman  Canada  Inc. 
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Chemical  costs  ($1991),  based  on  1  mg/L  of  free  chloride  residual  in  effluents  before 
treatment  are: 


Sodium  metabisulphite 
Sulphur  dioxide 


$0.004/m'  of  effluent 
$0.001/m^  of  effluent 
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The  range  of  the  estimated  chemical  costs  based  on  the  treatment  of  the  maximum  and 
minimum  flows  from  facilities  in  the  Ontario  Inorganic  Chemical  Sector  that  may  con- 
sider dechlorination  treatment  are  presented  in  Table  2.  The  concentration  of  chlorine 
was  assumed  to  be  1.0  mg/L  in  these  estimates. 


Table  2 
Chemical  Costs  Based  on  Average  Flow 


now  l(m^/d) 

Sodium  Mciabisulphiie  Solution 

Sulphur  Dioxjdc 


Faculty 


AIbri«bl  &  Wilson  Americas 


6,030  m-'/d 
$25.00/d 
$6.45/d 


Uode-Union  CaibUc  Moore  Township  Plant 


12  m^/d 
SO.OS/d 
$0.01/d 


Notes: 

1  Flow  based  on  MISA  Regulation  Monitonng  Data  .        ^  .„ 

Z  bZ^Tc^^  prxwtded  by  Dear1>,n,  Chemical  Company  Um.ted.  August  1991  45%  aove.  expressed  as  sod.um 

sulphite. 
3.  Based  on  costs  provided  by  Stanchem.  September  1991. _. 
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TECHNOLOGY  REPORT 
BRINE  CONCENTRATOR  SYSTEMS 


1.0  DESCRIPTION 

Evaporative  technologies  used  for  removal  of  total  dissolved  solids  from  water  and 
wastewater  is  referred  to  as  brine  concentration.  Two  types  of  brine  concentration 
systems  are  commonly  used,  including: 

•  Multi-effect  evaporative  concentrators. 

•  Vapour  compression  evaporative  concentrators. 

Both  of  these  types  of  systems  are  depicted  in  Figure  Al  in  the  Appendix. 

Both  of  these  technologies  essentially  involve  the  evaporation  of  the  wastewater  stream 
to  produce  a  high  purity,  high  volume  stream  for  recycle  or  discharge  and  a  smaller 
volume,  highly  concentration  residue  stream  for  drying  and/or  appropriate  disposal  or  re- 
sale. 

In  a  multi-effect  evaporator,  two  or  more  evaporation  stages  are  present.  Each  stage 
consists  of  a  closed  tank  traversed  by  steam.  Steam  produced  in  one  stage  is  condensed 
in  the  heating  coils  of  the  subsequent  stage  which  is  operated  at  lower  pressure.  While 
single  effect  units  produce  more  water  per  unit  of  evaporator  tube  surface  and  have 
lower  capital  costs  (Ref.  1),  multi-effect  units  use  much  less  steam  per  volume  of 
wastewater  evaporated  (Ref.  2). 

Vapour  compression  evaporators  consist  of  a  heater,  boiling  chamber,  vapour  compressor 
and  a  heat  exchanger.  Pre-heated  water  is  boiled  in  the  chamber.  Steam  evolved  is 
passed  through  the  compressor  where  its  pressure  is  raised  slightly.  Upon  returning  to 
the  chamber,  the  steam  condenses,  giving  up  heat  to  evaporate  incoming  water. 
Condensate  leaving  the  system  passes  through  the  heat  exchanger  to  heat  incoming 
wastewater.  The  major  energy  requirement  for  these  systems  is  the  operation  of  the 
compressor  and  therefore,  these  systems  are  preferred  where  electricity  is  less  expensive 
than  steam.   Where  excess  steam  is  available,  multi-effect  evaporators  are  favoured. 


2.0  GENERAL  APPLICATION 

Brine  concentration  is  used  for  treating  industrial  wastewaters  for  removal  of  high  levels 
of  non  precipitable  dissolved  solids,  generally  in  excess  of  50,000  mg/L.  In  addition,  this 
technology  may  follow  other  TDS  removal  processes,  such  as  reverse  osmosis,  for  further 
concentration  of  the  reject  stream. 
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Bn  e  concentration  is  a  well  established  process  used  in  the  electric  power  generation 
industry  for  treating  cooling  tower  and  boiler  blowdown,  ash  system  reject  water  and 
wa::'  treatment  residual  streams  (Ref.  1).  In  addition,  this  technology  has  been  applied 
to  aesalination  of  saline  waters  from  mining  operations  (Ref.  3).  Other  industrial 
applications  include  petroleum  refinery  effluent  and  oil  schale  production  wastewater 
(Ref.  4). 


3.0 


ONTARIO  APPLICATIONS 


Brine  concentration  was  considered  for  Ontario  Inorganic  Chemical  Sector  Industries 
with  excessive  effluent  dissolved  salt  concentrations,  including  streams  at  General 
Chemical  Canada  Ltd.  and  ICI  Forest  Products  in  Cornwall, 


4.0 


DESIGN  INFORMATION 


Design  requirements  for  brine  concentration  systems  are  dependent  on  a  number  of 
factors  including: 

•  The  concentration  and  nature  of  TDS  in  the  wastewater. 

•  The  flow  rate. 

•  The  availability  and  cost  of  steam. 

For  the  purposes  of  costing  brine  concentrators  for  the  two  plants  in  the  Ontario 
Inorganic  Chemical  Sector,  a  supplier  of  these  systems  was  contacted.  Preliminary 
system  requirements  specified  by  the  supplier  are  presented  in  Table  1. 


Table  1 
Brine  Concentrator  System  Requirements  for  Ontario  Inorganic  Chemical  Sector 

Plants' 

Plant 

MISA 

Coolrol 

Polol 

DescripUon 

SjBlcm  DescripUon 

ICI  Forest  Products, 
Cornwali 

PR0400 

•  Primarily  sodium  chloride  salts,  at  a 
strength  of  2%  Œ. 

•  Flow  rate  of  200  m^/d. 

Falling  film  vapour  compression 
precoocentrator  followed  by  a 

General  Chemical  Canada 
Lid. 

COOIOO 

•  Primarily  calcium  chloride  salts,  at  a 
strength  of  5%  O' 

•  Flow  rate  of  15,000  m'/d. 

Multiple-effect,  Calling  film 
evaporator,  utilizing  2,100  kg/h  of 
steam. 

Notes:                                                                                                                                                                                         | 
1.              Ref.  5. 
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5.0 


PERFORMANCE 


Brine  concentration  technologies  produce  an  effluent  distillate  containing  less  than  10 
mg/L  of  TDS.  This  high  quality  water  is  available  for  reuse  in  the  plant,  even  in 
processes  with  stringent  water  quality  requirements  such  as  boilers  and  cooling  towers, 
without  further  treatment. 

Volatile  pollutants  that  would  remain  in  the  water  vapour  phase,  would  not  be  removed 
in  the  system  and  would  be  present  in  concentrator  effluents. 

Generally  the  recovery  efficiency  in  brine  concentration  systems  is  very  high  (>95 
percent).  However,  recovery  efficiency  decreases  as  the  initial  TDS  increases.  Table  2 
presents  preliminary  recovery  efficiencies  for  General  Chemical  and  ICI  streams. 


Table  2 
Estimated  Recovery  Efficiency  of  Brine  Concentrator  Systems 

Plant 

MISA  CoDlrol  Point 

RecoTcry  Elllclency' 

Residue  Concentration^ 

ICI  Forest  Producls 

PR0400 

92% 

•  Solid  with  less  than  S%  moisture 

General  Chemical  Canada  Ltd. 

COOIOO 

86% 

•  23%  CaClj 

•  28%  NaCI 

Notes: 

1.  Calculated  from  infonnation  provided  by  Ref.  5.                                                                                                                            j 

6.0 


CAPITAL  COSTS 


Budget  capital  cost  estimates  provided  by  the  equipment  supplier  are  presented  in  Table 
3. 


7.0 


OPERATING  COSTS 


Operating  costs  were  estimated  for  each  system  being  considered,  based  on  electricity 
steam  and  labour  requirements  presented  in  Ref.  2.  These  costs  are  summarized  in 
Table  4. 
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Table  3 
Estimated  Capital  costs  for  Brine  Concentrator  Systems                         \ 

Plant 

MISA  Cootrol 
Point 

Sjrctcm 

ICI  Forest  Products 

PR0400 

Falling  film  vapour  compression  preconceomior 
followed  by  a  forced  dmilaiion  crystallizer. 

$2400,000 

General  Chemical  Canada 
Ltd. 

COOIOO 

Six-effect  falling  film  evaporator 

$27.000,000         1 

Notes: 

1.  Calculated  trom  information  provided  by  Ref.  5.    Includes  15%  engineering,  35%  installation,  30%  contingency  and  7% 
G.S.T. 

2.  ENR  CCI  6343. 

Table  4 
Estimated  Annual  Operating  Costs  for  Brine  Concentator  Systems 

Plant 

Items  Covered 

Estimate*!  Annual  Operating  Cost^ 

ICI  Forest  Products 

•  Energy 

•  Labour 

•  Waste  disposal 

$900,000 

General  Chemical  Canada  Ud. 

•  Steam 

•  Energy 

•  Labour 

•  Waste  disposal  costs  excluded 

$2,600,000 

Notes: 
1.  Ref.  Z 
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PLANT  SPECIFIC  TECHNOLOGY  REPORT 

PROCESS  OPTIMIZATION  OF  SULPHIDE  PRECIPITATION  FOR 

MERCURY  REMOVAL  FROM  WASTEWATER 

GENERATED  IN  THE  CHLOR-ALKALI  PROCESS 


1.0  INTRODUCTION 

In  the  United  States,  the  Environmental  Protection  Agency  (EPA)  published  (June  29, 
1982)  BAT  discharge  hmits  for  mercury  discharges  from  mercury  cell  chJor-alkali  manu- 
facturing. These  limits  allow  the  discharge  of  a  24-hour  maximum  of  0.00023  kg  of 
mercury  per  tonne  of  chlorine  produced,  and  a  30-day  average  discharge  of  mercury  of 
0.00010  kg  per  tonne.  This  limit  was  based  on  the  levels  the  EPA  determined  could  be 
achieved  by  using  a  sulphide  precipitation  process,  with  pressure  filtration,  on  a  typical 
cell  room  wastewater  stream.  The  mercury  concentration  values  on  which  these 
loadings  were  based  were  0.11  mg/1  for  the  maximum  and  0.048  mg/1  for  the  monthly 
average. 

In  the  United  States  there  are  currently  about  17  operating  mercury  cell  chlor-alkali 
plants  according  to  the  Chlorine  Institute.  Sixteen  (16)  of  these  plants  use  sulphide 
precipitation  to  achieve  BAT  limits  while  one  plant  uses  a  hydrazine  reduction  process 
to  remove  mercury  in  the  metal  form.  The  mercury  permit  limits  identified  in  the  pre- 
vious section  have  been  applied  to  the  industry  in  the  United  States  as  witnessed  by  the 
mercury  permit  limits  for  specific  facilities  detailed  in  Table  1. 

Although  the  details  of  product  capacity  on  which  the  load  limits  are  based  are  not 
available,  a  clear  pattern  of  limits  that  are  compatible  with  the  U.S.  EPA  BAT  limits 
can  be  seen.  The  fact  that  so  many  facilities  are  successfully  meeting  these  limits  sug- 
gests that  when  operated  optimally,  this  process  is  capable  of  achieving  such  limits. 

The  ICI  Cornwall  plant,  in  the  Ontario  Inorganic  Chemical  Sector,  has  in  place  a  sul- 
phide precipitation  process  with  a  polishing  activated  carbon  process  which  would 
appear  to  meet  or  exceed  BAT  technology.  In  practice,  the  12  months  of  data  from 
the  MISA  Monitoring  Regulation  period  shows  that  effluent  limits  defined  by  the  U.S. 
EPA  as  achievable  with  BAT  have  not  been  met  on  a  consistent  basis  at  ICI 
(Cornwall). 

Since  others  have  succeeded  in  meeting  the  BAT  goals  with  this  technology,  it  is  rea- 
sonable to  expect  that  with  some  process  optimization  the  ICI  facility  will  also  be  able 
to  match  these  limits  using  the  technology  already  in  place. 
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Table  1 
jmmary  of  Mercury  Permit  Limits  U.S.  Chlor-Alkali  Facilities  Using  Mercury 

Cell  Process^ 

Company 
Plul  Localioa 

Pennil  No. 

Allowable  LowUnt 

ComiDcoU 

Total  Bz  30-Dar 
Ays.(li«/d) 

Total  He  24-Br 

Max.(l*'<I) 

B.F.  Goodrich  Corp.  CaNen 
City,  KY 

KY0003484 

0.0293 

0.0674 

Bioassays  required. 

LCP  Chemicals  Division  of 

Hamlin  Gp. 

Brunswick,  GA 
Omngton,  ME 
Moundsville,  WV 

GA0003247 
ME0000639 
WV000440S 

0.0272 
0.0207 
0.0227 

0.0626 
0.0476 
0.0522 

Occidental  Chem.  Coq>. 
Mobile,  AL 
Muscle  Shoals,  AL 
Delaware  City,  DE 
Deer  Park,  TX 

AL0003514 
AL0000213 
DE0050911 
TX0007412 

No  info. 

0.0363 
40  ng/L 

0.0163 

No  info. 

0.0861 
90^g/L 

0.0327 

Olin  Corp. 

Augusta,  GA 
Niagara  Falls,  NY 
Charleston,  TN 

GA0003719 
NY0001635 
TN0002461 

0.0295 
0.0227 
0.0159 

0.0454 
0.0454 
0.1225 

20  |ig/L  action  level  for 
cooling  water  50  jig/L  for 
storm 

Pioneer  Chlor-Alkaii 
Company,  St.  Gabriel,  LA 

LA0005231 

0.0454 

0.104 

Bioassays  required. 

PPG  Industries,  Inc 

Lake  Charles,  LA 
II   -                New  Martinsville,  WV 

Lj\0000761 
WV0OO4359 

0.0590 
0.0191^ 

0.136 
0.0435^ 

Bioassays  required. 
Bioassays  required. 

Vulcan  Chemicals 

Port  Edwards,  WI 

WI000356S 

0.0181 

0.0408 

Notes: 

1.  Limits  shown  are  for  piiocess  steam  from  mercury  ireatmenL 

2.  Contested  limit. 

N 


2.0 


DESCRIPTION 


Optimization  of  a  mercury  sulphide  precipitation  facility  should  consider  a  number  of 
factors,  each  of  which  is  important  in  achieving  the  desired  removal  efficiencies. 

1.  Equalization  Capacity.  In  order  to  smooth  out  variations  in  the  process  feed,  it 
is  useful  to  have  a  mixing  tank  with  holding  capacity  sufficient  to  equalize  the 
flow  and  wastewater  quality  variations  in  advance  of  the  first  process  step.  The 
amount  of  equalization  needed  will  vary  depending  on  the  operating  range  as- 
sociated with  the  process  at  a  specific  facility. 
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2.  Free  Chlorine.  Free  chlorine  should  be  removed  from  the  process  stream 
before  the  sodium  hydrosulphide  (NaSH)  is  added.  This  is  commonly  achieved 
by  treating  with  sodium  sulphite  or  by  passing  the  stream  through  an  activated 
carbon  bed  adsorber. 

3.  Operating  pH.  The  pH  should  be  reduced  into  the  range  of  6-9  before  the 
NaSH  is  added.  This  is  an  important  factor  because  at  high  pH  levels,  it  is 
possible  to  form  polysulphides  which  are  much  more  soluble  than  HgS. 

4.  Sodium  Sulphide  Dosages.  The  dosage  of  sodium  sulphide  (NajS)  is  reasonably 
critical.  If  insufficient  NajS  is  added,  then  not  all  the  mercury  ions  will  be  pre- 
cipitated. If  too  much  is  added,  higher  sulphides  with  greater  solubility  will  be 
produced.  The  use  of  continuous  oxidation/reduction  probes  would  allow  the 
development  of  a  correlation  to  Na^S  in  the  wastewater  leaving  the  NajS  reactor 
in  order  to  remain  in  the  correct  range.  A  sulphide  level  of  1.5  to  3  mg/L  is  an 
a  good  initial  operating  range.  The  NajS  addition  adjustments  can  be  made 
automatically  using  the  red/ox  output  once  sufficient  experience  is  developed. 

5.  Solids  Removal.  The  removal  of  the  fine  precipitated  mercuric  sulphide  (HgS) 
is  usually  achieved  utilizing  some  form  of  pressure  filtration.  Bayonet  leaf  pres- 
sure filters  are  common  but  the  use  of  large  plate  and  frame  filters  with  very 
high  active  filter  areas  is  also  successful.  A  number  of  precoating  practices  have 
been  encountered  including  use  of  diatomaceous  earth,  cellulose,  and  even  pow- 
dered activated  carbon.  Some  operations  continuously  blend  filter  aid  with  the 
process  liquid  coming  fi^om  the  NajS  reactor,  while  others  do  not.  A  possible 
variation  that  may  have  merit,  would  be  to  add  the  filter  aid  to  the  reactor  in  an 
effort  to  form  larger  particles  more  readily  separated  by  filtration.  Recycle  of 
the  ah"eady  separated  mercuric  sulphide  solids  can  also  be  used  to  enhance 
particulate  growth. 

6.  Continuous  Mercury  Monitoring  of  Final  Product  Stream.  At  one  facility,  in 
Quebec,  a  continuous  mercury  monitor  using  the  DuPont  400  detector  systems 
has  been  developed.  This  equipment  takes  a  discrete  sample  of  the  final  pro- 
duct water  about  once  every  four  minutes  and  performs  an  analysis  for  mercury. 
It  is  paired  with  another  analyzer  so  that  a  new  piece  of  data  is  produced  every 
two  minutes.  The  analyzers  have  been  hooked  up  to  a  system  of  electronic 
valves  which  can  automatically  route  the  discharge  water  back  to  the  equali- 
zation tank  at  the  head  of  the  process  if  effluent  mercury  levels  exceed  50  jig/L. 

7.  Presence  of  Brine.  The  solubility  of  mercuric  sulphide  is  very  much  higher  in 
brine  than  in  water.  The  treatment  process  must  be  structured  to  avoid  any 
brine  streams  entering  the  treatment  process  stream  until  the  mercuric  sulphide 
has  been  removed  by  filtration. 
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The  ICI  treatment  process  should  be  critically  reviewed  with  regard  to  the  preceding 
factors  and  a  series  of  experiments  designed  to  optimize  the  processes  should  be  devel- 
oped based  on  that  critical  review.  It  seems  reasonable  to  expect  that  with  consider- 
able effort  and  with  perhaps  some  capital  requirements,  the  existing  process  can  be 
brought  up  to  U.S.  BAT  levels. 


H 


3.0 


PERFORMANCE 


Based  on  the  12  months  of  data  provided  by  the  MISA  Monitoring  Regulation  at  ICI, 
the  estimated  performance  that  could  be  achieved  through  optimizing  the  system  to 
meet  U.S.  BAT  limits  was  calculated  and  is  presented  in  Table  4. 

An  overall  loading  reduction  of  0.044  kg/d  is  estimated. 


Table  4 
Estimated  Average  Performance  of  System  Optimization  at  ICI  (Cornwall) 

Parameter 

Current  Average  Loading 
(kg/d)i 

Projected  Average  Lx>ading 

(kg/d)^ 

liOading  Reduction 

Mercury 

0.057  kg/d 

0.013  kg/d 

0.044  kg/d 

Notes: 

1.  Mean  effluent  loading  during  12  months  of  monitoring  at  ICI  Gnal  effluent. 

2.  Calculated  from  nameplate  capacity  of  ICI  and  EPA  monthly  average  loading  limit. 

à 


4.0 


COSTS 


Costs  for  optimization  of  the  existing  process  at  ICI  cannot  be  determined  until  a 
complete  system  assessment  and  testing  has  been  completed,  and  additional  capital  and 
operating  requirements  determined. 


m 
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PLANT  SPECIFIC  TECHNOLOGY  REPORT 

SURFACE  CONDENSER  FOR  AMMONIA  STEAM  CONDENSATION 

IN  THE  NITROGEN  FERTILIZER  INDUSTRY 


1.0  INTRODUCTION 

Currently,  steam  generated  in  the  ammonium  nitrate  solution  concentrating  unit  (eva- 
porator) at  ICI  Nitrogen  Products,  Lambton  Works  facility  is  removed  using  a  baro- 
metric condenser.  Consequently,  the  ammonia-rich  barometric  condensate  is  included  in 
the  wastewater  discharged  directly  from  the  plant.  ICI  Nitrogen  Products  is  considering 
replacing  the  barometric  condenser  with  a  surface  condenser  operated  under  a  vacuum 
(i.e.  34  to  41  kPa).  The  surface  condenser  will  produce  a  concentrated  condensate 
without  the  dilution  with  contact  cooling  water.  The  intention  is  to  recycle  the  resulting 
condensate  for  use  in  liquid  nitrogen  fertilizer  products. 

Replacing  the  barometric  condenser  with  a  surface  condenser  will  improve  operations 
as  follows: 

•  Reduce  the  loading  of  ammonia  to  the  surface  waters. 

•  Reduce  the  occurrence  of  spills  due  to  the  build-up  of  calcium  salts  in 
the  barometric  condenser.  Occasionally  calcium  salt  debris  has  fallen  into 
the  barometric  leg,  resulting  in  a  back-up  in  the  system,  and  a  spill.  ICI 
has  initiated  a  program  to  acid  wash  the  barometric  condenser  2  to  3 
times  each  year,  depending  upon  the  need.  The  replacement  of  the 
barometric  condenser  may  reduce  the  occurrence  of  spills. 

•  Reduce  the  volume  of  contact/  process  water  discharged,  since  surface 
condensers  use  non-contact  cooling  water  for  condensing  the  steam. 


2.0  GENERAL  DESCRIPTION 

ICI  Nitrogen  Products  is  considering  the  use  of  either  a  tube  and  shell  or  a  plate-type 
heat  exchanger.  Once  through  cooling  water  will  be  used  in  the  heat  exchanger  since 
the  cooling  tower  does  not  have  the  capacity  to  provide  sufficient  cooling  water. 

A  schematic  of  a  tube  and  shell  heat  exchanger  is  presented  in  Figure  Al  in  the 
Appendix.  In  the  tube  and  shell  heat  exchanger,  non-contact  cooling  water  is  directed 
through  the  shell  side,  and  the  ammonia-rich  steam  is  directed  through  the  tubes. 

A  schematic  of  the  plate-type  heat  exchanger  is  presented  in  Figure  A2.  The  non-con- 
tact cooling  water  is  directed  through  the  plates  and  the  ammonia-rich  steam  contacts 
the  exterior  of  the  plates. 

1 
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In  both  types  of  heat  exchangers,  the  non-contact  cooling  water  can  be  discharged  dir- 
ectly, and  the  condensate  could  be  used  in  the  production  of  liquid  nitrogen  fertilizer. 


3.0 


APPLICATION 


The  condensing  and  reuse  of  contaminated  steam,  similar  in  composition  to  the  steam 
produced  in  the  ammonium  nitrate  concentrating  unit,  has  been  successfully  demon- 
strated at  the  Lambton  Works  facility.  Steam  contaminated  with  ammonia,  nitric  acid 
and  ammonium  nitrate  produced  in  the  Nitric  Acid  Neutralization  Plant,  is  used  to 
vaporize  liquid  ammonia.  The  condensed  contaminated  steam  is  then  used  to  make 
prills  of  ammonium  nitrate. 


4.0 


DESIGN  INFORMATION 


On  average  the  heat  exchanger  system  would  condense  55  tonnes  of  steam  each  day. 
Sizing  to  account  for  peak  flow  conditions  would  require  a  66  tonne/d  unit. 

Specific  design  information  was  provided  by  ICI  Nitrogen  Products  for  the  two  heat 
exchanger  options.  These  are  included  in  the  Appendix.  Attachment  Al  is  the  specifi- 
cation sheet  for  the  plate  heat  exchanger  and  Attachment  A2  is  the  specification  sheet 
for  the  shell  and  tube  heat  exchanger.  Figure  A3  is  a  preliminary  schematic  for  the 
proposed  plate  heat  exchanger  and  Figure  A4  is  a  preliminary  schematic  for  the  pro- 
posed shell  and  tube  heat  exchanger. 

The  intention  is  to  recycle  the  condensate  as  make-up  water  for  the  liquid  fertilizer 
plant.  However,  the  calculated  average  flow  of  55  tonnes/d  of  contaminated  conden- 
sate exceeds  the  need  for  make-up  water.  Hence,  other  alternatives  are  being  ex- 
amined which  include: 

•  Increasing  the  strength  of  the  ammonium  nitrate  liquor  from  the  current 
81  to  82  percent  liquor  to  87  percent  liquor,  by  improving  the  perfor- 
mance of  the  ammonium  nitrate  reactor.  This  would  reduce  the  produc- 
tion of  contaminated  steam. 

•  Using  a  falling  film  evaporator  to  remove  dilution  water  from  the  am- 
monium nitrate  liquor.  The  resulting  clean  water  vapour  would  then  be 
exhausted  to  the  atmosphere. 


Design  Limitations 

The  performance  of  the  surface  condensers  may  be  depend  upon  concentration  of 
contaminants  in  the  wastewater  in  that  if  the  concentration  of  contaminants  is  suf- 
ficiently high,  then  corrosion  may  occur.   However,  with  proper  selection  of  the  heat 
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exchanger  material,  this  anticipated  problem  may  be  avoided.  ICI  Nitrogen  Products 
does  not  anticipate  a  problem  with  fouling  due  to  the  composition  of  the  contaminated 
steam. 


5.0  PERFORMANCE 

To  project  the  reduction  in  the  ammonia-ammonium  found  in  the  plant  effluent,  the  12 
month  MISA  Monitoring  data  were  examined.  Currently,  the  barometric  condensate 
combines  with  an  insignificant  amount  of  wash  water  from  the  ammonium  nitrate  man- 
ufacturing unit,  prior  to  the  MISA  Control  Point  PR0300.  Consequently,  the  average 
flow  measured  at  this  Control  Point  can  be  assumed  to  equal  the  flow  from  the  baro- 
metric condenser. 

Based  on  the  flow  and  the  ammonia^ammonium  concentration  data  collected  during  the 
12  month  MISA  Monitoring  period,  and  assuming  that  all  of  the  ammonia-ammonium 
found  at  this  Control  Point  originated  from  the  barometric  condenser,  replacing  the 
barometric  condenser  with  a  surface  condenser  should  result  in  a  97  kg/d  reduction  in 
the  ammonia-ammonium  loading. 

The  amount  of  non-contact  cooling  water  used  by  the  proposed  surface  condensers 
amounts  to  3,365  rn^/d.  The  barometric  condenser  condensate  discharged  approximate- 
ly 3,590  mVd  of  contact  cooling  water  during  the  MISA  monitoring  period.  Thus  water 
usage  would  not  be  reduced  significantly,  however,  the  amount  of  contact  cooling  water 
would  be  significantly  reduced. 


6.0  OPERATING  REQUIREMENTS 

Hydroelectric  power  for  pump  operation  and  cooling  water  will  be  required  to  operate 
the  condensing  system. 


7.0  CAPITAL  COSTS 

The  capital  cost  of  the  condenser  (either  one)  was  estimated  to  be  $42,000  (ENR  CCI 
6343)  by  ICI  Nitrogen  Products. 

A  total  cost  provided  by  ICI  Nitrogen  Products  was  estimated  to  be  $257,000  (ENR 
CCI  6343)  which  includes: 

•  Condenser  with  associated  piping  and  instrumentation 

•  Seal  tank  with  attached  condensate  transfer  pump 

•  Installation 

•  Insulation 
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8.0 


OPERATING  COSTS 


The  annual  projected  cost  of  the  operation  of  this  unit  as  provided  by  ICI  Nitrogen 
Products  was  $30,000  and  includes  the  cost  of  utilities  (hydro  and  cooling  water)  and 
maintenance.  These  operating  costs  do  not  include  any  savings  incurred  by  ICI  Nitro- 
gen Products  by  the  decrease  in  water  use  or  potentially  power  reduction  resulting  from 
the  replacement  of  the  barometric  condenser. 


9.0 


REFERENCES 


Asano,  B.  Stanley  Associates  Engineering  Ltd.,  Telephone  and  telefax  communication, 
September  1991. 

DeMarsh,  K.    ICI  Nitrogen  Products,  Telephone  and  telefax  communication,  August 
1991. 

Engineering  News  Record  Construction  Cost  Index  for  Toronto,  March  1991. 

Geankoplis,  C.J.  Transport  Processes  and  Unit  Operations.  Toronto,  Ontario:  Allyn  and 
Bacon  Inc.,  1978. 

Holt,  R.  ICI  Nitrogen  Products,  Telephone  and  telefax  communication,  September 
1991. 

Perry,  R.H.  and  C.H.  Chilton.  Chemical  Engineers'  Handbook.  Toronto,  Ontario: 
McGraw-HiU  Book  Company,  1973. 

Tulimowski,  T.  ICI  Nitrogen  Products,  Telephone  and  telefax  communication,  Septem- 
ber 1991. 


TOR/INORG2/908J1 


Surface  Condenser 


APPENDIX 
Figures  and  Attachments 


TOK/INORG2y908Jl 


Surface  Condenser 


cold  fluid  in        hot  fluid  out 


I  >'T'.4yT^ 


^L 


-J    \   '    /    I    U-^ 


(a) 


cold  fluid  in 


hot  fluid  in         cold  fluid  out 


hot  fluid  in 


n^'  ^T'. 


n~> 


'^CZIL 


V  '  /J    V'  /  -^^ 


i|r— nil 

cold  fluid  out         hot  fluid  out 


(b) 


Figure  A 1 
SHELL  &  TUBE  HEAT  EXCHANGERS 

(a)  Shell  Pass  &  Tube  Pass,  1- 1  Exchanger 

(b)  1  Shell  Pass  &  2  Tube  Passes,  1-2  Exchanger 
Source:  Geankoplls 


Figure  A2 

PLATE-  (&  FRAME)  TYPE  EXCHANGER 
Source:  Perry 
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TECHNOLOGY  REPORT 
AMMONU  REMOVAL  BY  STEAM  STRIPPING 
FOR  NITROCHEM  INC. 


1.0  DESCRIPTION 

Steam  stripping  is  an  effective  method  of  removing  volatile  contaminants  such  as  amm- 
onia from  wastewater.  Ammonia  removal  by  steam  stripping  involves  introducing 
steam  at  the  bottom  of  either  a  packed  column,  or  a  bubble  or  sieve  plate  tower. 
Steam  flows  counter  current  to  an  ammonia-rich  wastewater  stream.  Because  the  am- 
monia is  volatile,  it  becomes  entrained  in  the  steam  and  is  removed  from  the 
wastewater.  The  ammonia-rich  steam  is  collected,  and  may  be  directed  to  a  spray 
absorber  where  it  may  be  reacted  with  dilute  sulphuric  acid  to  produce  a  solution  of 
ammonium  sulphate.  The  ammonium  sulphate  may  then  be  recovered  by  evaporation, 
crystallization,  centrifugation  and  drying.  Alternatively,  the  ammonia  rich  steam  may  be 
condensed,  and  the  ammonia-rich  condensate  may  be  used  in  the  production  of  liquid 
fertilizers.  This  second  option  has  been  proposed  for  the  ammonia-rich  wastewater 
produced  at  Nitrochem  Inc.  The  fate  of  the  gaseous  ammonia  produced  in  the  con- 
densing of  the  ammonia-rich  stream  has  not  been  identified. 

Factors  which  effect  the  removal  efficiency  of  the  steam  stripper  include: 

•  Structural  configuration  of  the  steam  stripper  including  the  height,  pack- 
ing size  and  type,  or  tray  design.  The  packing  or  trays  should  be 
designed  to  provide  sufficient  droplet  detainment  space. 

•  Hydraulic  loading  rate. 

•  Rate  of  steam  injection. 

•  pH  of  the  influent.  A  pH  greater  than  11  maximizes  ammonia  removal 
but  will  also  introduce  a  need  to  neutralize  the  stripper  effluent. 

•  Temperature  of  the  column.  A  temperature  of  greater  than  94  °C  will 
maximize  the  removal  of  ammonia  from  the  wastewater. 

•  Location  of  wastewater  introduction  to  optimize  reflux  action. 
Appendix  Figure  Al  presents  a  simplified  schematic  of  a  stripper/condensing  system. 


TOR/INORG2/924J1  Nilrochem  Sleam 


2.0 


GLOBAL  APPUCATIONS 


Steam  stripping  has  been  used  to  treat  ammonia-rich  effluents  from  coking,  ferro-alloy 
production,  coal  gasification,  petroleum  refining,  agroindustries,  fertilizer  manufactur- 
ing, rayon  production  and  incandescent  bulb  production  (Ref.  3). 

Steam  stripping  is  most  effective  on  concentrated  streams,  where  the  concentration  of 
ammonia-ammonium  exceeds  500  mg/L.  Generally,  biological  nitrification  is  the  most 
effective  method  of  ammonia  removal  for  intermediate  to  low  levels  of  ammonia  (i.e. 
less  than  500  mg/L  of  ammonia)  (Ref.  1). 


3.0 


ONTARIO  APPLICATION 


The  applicable  streams  in  the  Ontario  Inorganic  Chemical  Sector,  the  average  flow  of 
the  streams  and  the  estimated  ammonia-ammonium  concentrations  are  presented  in 
Table  1.  Nitrochem  Inc.  has  applied  for  a  Certificate  of  Approval  for  a  steam  stripper 
and  steam  condenser.  The  design  specifications  and  costs  for  both  units  is  discussed  in 
this  report. 


1                                                              Table  I                                                              1 
Applicable  Streams  in  the  Ontario  Inorganic  Chemical  Sector                   | 

Company 

Stream 

Mean  Ammonla-Ammonliuii 
Coocentralloo  (m^)'^ 

Flow 

(m^/d) 

Nitrochem  Inc., 
Maitland 

Hydrogen  Plant  Texaco^^  Generator  Blowdown 

700 

91 

Hydrogen  Plant  Process  Condensate 

400 

72 

Notes: 

1.              Estimates  provided  by  Nitrochem  Inc. 

4.0 


DESIGN  INFORMATION 


Typical  design  criteria  for  a  steam  stripping  unit  are  presented  in  Table  2  (Ref.  3). 

The  design  specifications  of  the  steam  stripper  proposed  by  Nitrochem  Inc.  are  pres- 
ented in  Table  3.  The  proposed  steam  stripper  is  a  combination  stripper  with  bubble 
cap  trays  with  a  1.8  m  section  packed  with  5  cm  Raschig  rings.  No  schematic  diagram 
for  the  proposed  steam  stripper  unit  was  provided  by  Nitrochem  Inc.  A  combined 
stream  consisting  of  Hydrogen  Plant  Texaco^^  Generator  blowdown  and  process  con- 
densate will  be  treated  with  spent  caustic,  and  sodium  carbonate,  to  a  pH  within  the 
range  of  8  to  9,  prior  to  steam  stripping. 
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Typical  Steam 

Table  2 
Stripper  Design  Criteria' 

Design  Parameter 

Units 

Value/range 

Column  height 
Column  diameter 
Steam  requirement 
Typical  wastewater  flow 

m 
m 

L/min 

6  to  18 

0.9  to  1.8 

0.07  to  0.24 

760 

Source: 

1.           Ref.  3.  p.  III.3.1.19-6. 

Table  3 
Nitrochem  Inc.  Steam  Stripper  Design  Information 

Design  Parameter 

Specification 

Number  of  theoretical  trays 

Type  of  tray 

Height  of  tower 

Diameter  of  lower 

Pressure  of  steam 

Temperature  of  steam 

Maximum  flow  of  condensate  to  tower 

Flow  of  steam 

7 

Bubble  tray/packed  column 

8.8  m 

1.1m 

450  kPa 

148  °C 

164m3/d 

900kg/h 

Source: 

1.           Ref.  9.                                                                                                                                   1 

Associated  with  the  steam  stripper  is  a  tube  and  shell  condenser  unit  used  to  condense 
the  ammonia-rich  steam.  Design  specifications  of  this  condenser  are  provided  in  Table 
4.  Nitrochem  intends  on  using  the  condensed  ammonia  solution  to  make  fertilizer. 


5.0 


PERFORMANCE 


Steam  stripper  performance  data  for  several  sources  of  wastewater  (Ref.  1)  are  pres- 
ented in  Table  5.  All  sources  reported  ammonia  removal  efficiencies  greater  than  95 
percent. 
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Table  4 
Nitrochem  Inc.  Condenser  Unit 

Design  Paramclcr 

SpcctflcmUoB 

Type  of  condenser 

Cooling  method 

Estimated  rale  o(  condensate  production 

Cooling  water  usage 

Design  rate  of  heat  exchange 

Effective  surface  area  of  condenser 

tube  and  shell 

non-conua  cooling  water 

032  m^/d 

232  million  kJ/b 
0.12  m^ 

Source: 

1.               Ref.  9. 

Table  5 

Performance  of  Steam  Strippers  for  Ammonia  Removal^ 

Influent  Ammonia  Nitrogen  Concen- 

Removal EOi- 

Wastewater  Source 

tration  (mg/L) 

cienc7  {%) 

Refinery  sour  water 

1,800 

98 

Ion  exchange  column  elutriant 

600 

98 

Petrochemical  waste 

1.810 

98 

Nuclear  fuel  processing 

1  to  3%  NH4F  and  3  to  10%  free 

99.4 

Tantalum  and  coiumbium  plant  waste 

NH3 

99 

Coke  plant  waste 

35.000 
2.000  to  6.000 

95  to  99 

Source:  Ref.  1. 

Nitrochem  Inc.  anticipates  the  removal  efficiency  of  the  proposed  stripper/condenser 
system  to  average  95  percent.  They  expect  the  final  effluent  from  the  stripper  unit  to 
have  an  ammonia-ammonium  concentration  no  greater  than  23  mg/L  when  the  stripper 
is  treating  155  m^/d  of  contaminated  condensate. 

In  the  General  Technology  Report  (Ref.  7),  loading  reductions  for  dissolved  organic 
carbon  (67.1  percent),  and  total  keldjahl  nitrogen  (90.6  percent),  as  well  as,  ammonia- 
ammonium  (92.7  percent)  were  reported.  If  all  of  the  ammonia-ammonium,  TKN  and 
DOC  found  at  MISA  Control  Point  CO0400  were  assumed  to  originate  from  the  Texa- 
co^^  Generator  blowdown,  and  the  hydrogen  plant  process  condensate,  then  the  esti- 
mated loading  reduction  could  be  predicted.  These  estimates  are  presented  in  Table  6. 


TOR/INORG2/924.51 


Nitrochem  Steam 


6.0 


OPERATING  REQUIREMENTS 


A  supply  of  steam  and  cooling  water  is  required  for  operation  of  a  stripper/condenser 
unit.  As  well,  the  steam  pressure  and  flows  in  the  column  must  be  monitored  and 
maintained  to  achieve  maximum  efficiency. 


Table  6 
Estimated  Loading  Reductions 

Parmmetcr 

Carrent  LoMUng^ 

(k«/L) 

Ectlmalcd  Removml  Eftl- 
ciency^  (*) 

Predicted  LiHuUne  After 
Stream  Stripping^  (k«/L) 

Ammonium-Ammonia 
Di&solved  Organic  Cartxjn 
Total  Keldjahl  Niirogcn 

97.0 
19.5 
105.2 

9i7 
67.1 
90.6 

7.1 
6.4 
9.9 

Notes: 

1.              Based  on  12  month  MISA  Moniioring  Regulation  data  at  CO0400.  All  loading  assumed  to  originate  from  Hydro- 
gen Plant  process  water. 
Z              Based  ICI  Nitrogen  Products,  (Ref.  7). 

7.0 


CAPITAL  COSTS 


The  costs  for  the  proposed  ammonia  stripper/condenser  system,  provided  by  Nitrochem 
Inc.  are  presented  in  Table  7. 


8.0 


OPERATING  COSTS 


Operating  costs  were  not  provided  by  Nitrochem  Inc. 
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Table  7 
Estimated  Cosi  for  Nitrochem  Ammonia  Stripper/  Condenser  System 

Item 

Cost($) 

Piping,  concrete,  tanks,  steel 
New  stripper 
New  condenser 

195,000 
160,000 
15,000 

Eqaipment  costs 

370,000 

Contingency  allowance   . 
Engineering  (@  15%) 
Installation  (@  35%) 

20,000 
58,500 
129,500 

Sub  total 

578,000 

GST  (assume  7%) 

40,500 

Total  estimated  cost 

618,500 

Notes: 

1.  All  prices  include  escalation  of  material  and  labour. 

2.  Prices  were  originally  developed  in  1989.  They  have  been  pro-rated  to  1991  values  by  Nitroch- 
em, Inc. 

3.  Based  on  ENR  €01^6343. 

4.  Geankoplis,  Christie  J.,   Transport  Processes  and   Unit  Operations.   Toronto, 
Ontario:  Allyn  and  Bacon,  Inc.,  1978. 

5.  Bumi,  Joshua.  Nitrochem  Inc.  telephone  and  telefax  communication,  Aug/  Sept 
1991. 

6.  Office  of  Research  and  Development.  Treatability  Manual,  Volume  /K  Cost 
Estimating.  Washington,  D.C.:  U.S.  Environmental  Protection  Agency,  1983. 

7.  General  Technology  Report,  Ammonia  Removal  by  Steam  Stripping  for  ICI 
Nitrogen  Products. 


Engineering  News  Record  Construction  Cost  Index. 
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Figure  Al 
SCHEMATIC  OF  A  TYPICAL  STEAM  STRIPPING  PROCESS 
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FIGURE  Al 
SCHEMATIC  OF  A  TYPICAL  STEAM  STRIPPING  PROCESS 


TECHNOLOGY  REPORT 
AMMONU  REMOVAL  BY  STEAM  STRIPPING 
FOR  ICI  NITROGEN  PRODUCTS 


1.0  INTRODUCTION 

The  purpose  of  this  General  Technology  Report  is  to  present  a  case  study  of  a  steam 
stripper  designed  to  remove  ammonia  from  wastewater  at  ICI  Nitrogen  Products. 
Since  the  ammonia  steam  stripper  at  ICI  has  already  been  installed,  no  further  am- 
monia removal  technology  is  recommended.  The  performance  data  including  dissolved 
organic  carbon,  ammonia-ammonium  and  total  keldjahl  nitrogen  presented  in  this  case 
study,  will  be  used  to  project  performance  of  similar  systems  (Ref.  10). 


2.0  DESCRIPTION 

Steam  stripping  is  an  effective  method  of  removing  volatile  contaminants  such  as  amm- 
onia from  wastewater.  Ammonia  removal  by  steam  stripping  involves  introducing 
steam  at  the  bottom  of  either  a  packed  column,  or  a  bubble  or  sieve  plate  tower. 
Steam  flows  counter  current  to  an  ammonia-rich  wastewater  stream.  Because  the  am- 
monia is  volatile,  it  becomes  entrained  in  the  steam  and  is  removed  from  the 
wastewater.  The  ammonia-rich  steam  may  be  collected,  directed  to  a  spray  absorber, 
then  reacted  with  dilute  sulphuric  acid  to  produce  ammonium  sulphate.  The  ammon- 
ium sulphate  may  then  be  recovered  by  evaporation,  crystallization,  centrifugation  and 
drying.  Alternatively,  the  ammonia  rich  steam  may  be  condensed,  and  the  aimnonia- 
rich  condensate  may  be  used  in  the  production  of  liquid  fertilizers. 

Factors  which  effect  the  removal  efficiency  of  the  steam  stripper  include: 

•  Structural  configuration  of  the  steam  stripper  including  the  height,  pack- 
ing size  and  type,  or  tray  design.  The  packing  or  trays  should  be 
designed  to  provide  sufficient  droplet  detainment  space. 

•  Hydraulic  loading  rate. 

•  Rate  of  steam  injection. 

•  pH  of  the  influent.  A  pH  greater  than  11  maximizes  ammonia  removal 
but  will  also  introduce  a  need  to  neutralize  the  stripper  effluent. 

•  Temperature  of  the  column.  A  temperature  of  greater  than  94  °C  will 
maximize  the  removal  of  ammonia  from  the  wastewater. 

•  Location  of  wastewater  introduction  to  optimize  reflux  action. 
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Appendix  Figure  Al  presents  a  simplified  schematic  of  a  stripper/condensing  system. 


3.0 


GLOBAL  APPLICATIONS 


Steam  stripping  has  been  used  to  treat  ammonia-rich  effluents  from  coking,  ferroalloy 
production,  coal  gasification,  petroleum  refining,  agroindustries,  fertilizer  manufactur- 
ing, rayon  production  and  incandescent  bulb  production  (Ref.  3). 

Steam  stripping  is  most  effective  on  concentrated  streams,  where  the  concentration  of 
ammonia-ammonium  exceeds  500  mg/L.  Generally,  biological  nitrification  is  the  most 
effective  method  of  ammonia  removal  for  intermediate  to  low  levels  of  ammonia  (i.e. 
less  than  500  mg/L  of  ammonia)  (Ref.  1). 


4.0 


ONTARIO  APPLICATION 


The  applicable  streams  in  the  Ontario  Inorganic  Chemical  Sector,  the  average  flow  of 
the  streams  and  the  estimated  ammonia-ammonium  concentrations  are  presented  in 
Table  1.  ICI  Nitrogen  Products  has  been  granted  a  Certificate  of  Approval  for  the 
operation  of  a  Braun  steam  stripper  which  discharges  to  the  atmosphere.  The  Braun 
stripper  was  operating  during  the  MISA  Monitoring  Regulation  period  except  for  the 
period  between  February  28  to  April  10,  1991,  when  the  unit  was  relocated. 


Table  1 
Applicable  Streams  in  the  Ontario  Inorganic  Chemical  Sector 

Companj 

Stream 

Mean  Ammonia-Amiiioiilani 
CoDccDlntloo 

(m'/d) 

1  Nitrochem  Inc.,  Maitlaad 

Hydrogen  Plant  Toaco  Generator 
Slowdown 

700 

91 

Hydrogen  Plant  Process  Condensate 

400 

72 

ICI  Nitrogen  Products,  Nitrogen 
Products  Lambton  Worts 

Process  Condensate  from  Ammonia  2 
Plant 

280 

326 

Notes: 

1.              Estimates  provided  by  each  respective  company. 

In  this  repc  rt,  a  steam  conder.sing  system  will  be  considered  to  eliminate  air  emissions. 
The  design  ,>pecifications  and  unit  costs  are  based  upon  information  provided  by  Nitro- 
chem Inc. 
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5.0 


DESIGN  INFORMATION 


Typical  design  criteria  for  a  steam  stripping  unit  are  presented  in  Table  2  (Ref.  3). 


Table  2 
Typical  Steam  Stripper  Design  Criteria* 

Dcsl^  Panunclcr 

Units 

VaJiic/nii«c         1 

Column  height 
Column  diameter 
Steam  requirement 
Typical  wastewater  flow 

m 
m 

kg/L 
LVmin 

6  to  18 

0.9  to  1.8 

0.07  to  0.24 

760 

Source: 

1.               Ref.  3,  p.  IIU.1.19-6. 

The  design  specifications  for  a  Braun  stripper,  a  type  of  ammonia  stripper  proposed  by 
ICI  Nitrogen  Products,  are  presented  in  Table  3.  Currently  ICI  Nitrogen  Products 
vents  the  ammonia-rich  steam  to  the  atmosphere  through  a  stack  above  the  tower. 
The  "clean"  condensate  is  discharged  through  the  bottom  of  the  tower  to  the  MISA 
Control  Point  CO0800.  A  schematic  diagram  of  the  unit  is  presented  in  Appendix  Fig- 
ure A.2. 


Table  3 

Braun  Tower  Design  Information 

Design  Parameter 

SpccUkalloa 

Number  of  trays 

30 

TVpcof  tray 

sieve 

Height  of  tower 

26.8  m 

Diameter  of  tower 

12  m 

Temperature  in  lower 

140  °C 

Pressure  in  tower 

344  kPa 

Maximum  flow  of  condensate  to  the  tower 

nOm^/d 

Flow  of  steam 

ZStAi 

Steam  othaust  rate 

0.66  m^/s  (57,000  m^/d) 

Mass  of  tower 

35t 

Source 

1.               Ref.  6. 

Instead  of  discharging  the  steam  to  the  atmosphere,  ICI  Nitrogen  Products  may  con- 
sider condensing  the  steam,  and  using  the  ammonia-rich  condensate  for  liquid  nitrogen 
fertilizer  production.  Based  on  the  temperature,  pressure  and  rate  of  steam  usage,  the 
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condenser  required  to  condense  the  steam  to  40  °C  must  have  the  capacity  to  remove 
6.-^  million  kJ/h  of  heat. 


6.0       PERFORMANCE 

General 

Steam  stripper  performance  data  for  several  sources  of  wastewater  (Ref.  1)  are  pres- 
ented in  Table  4.  All  sources  reported  ammonia  removal  efficiencies  greater  than  95 
percent. 


Table  4 
Performance  of  Steam  Strippers  for  Ammonia  Removal                      | 

Wastewater  Source 

Inllueat  Ammonia  Nitrogen  Concentra- 
tion (mg/L) 

Removal  EIDciency 

(%) 

Refinery  sour  water 
Ion  exchange  column  elutriant 
Petrochemical  waste 
Nuclear  (uel  processing 
Tantalum  and  columbium  plant  waste 
1   Colce  plant  waste 

1,800 

600 

1,810 

1  to  3%  NH4F  and  3  to  10%  free  NH3 

35,000 

2.000  to  6,000 

98 
98 
98 
99.4 
99 
95  to  99 

1  Source: 

1.              Ref.  1. 

I 
I 
I 
I 
I 
i 


ICI  Nitrogen  Products 

Actual  performance  data  for  the  Braun  stripper  compiled  over  six  operating  days,  are 
presented  in  Table  5. 

The  loading  reductions  anticipated  for  the  permanent  installation  of  the  Braun  in  the 
Ammonia  II  unit,  are  presented  in  Table  6.  Because  the  Braun  stripper  was  operating 
during  most  of  the  MISA  Monitoring  Regulation  period,  (with  the  exception  of  the  op- 
erating period  from  February  28  to  April  10,  1991),  no  further  improvement  in  the  effl- 
uent from  ICI  Nitrogen  Products  will  be  observed. 


7.0 


OPERATING  REQUIREMENTS 


A  supply  of  steam  and  cooling  water  is  required  for  operation  of  a  stripper/condenser 
unit.  As  well,  steam  pressure,  flows,  effluent  pH  and  ammonia  concentrations  in  the 
colunm  must  be  monitored  and  to  achieve  maximum  efficiency. 
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Table  5 
Braun  Stripper  Performance  Data' 

UnlU 

Inllacnt 

Rx  moral  Efflcleocy 

Parameter 

Ranee 

Average 

Condensate  Flow 

m^/d 

505 

Not  Applicable 

Not  Applicable 

pH 

9.65 

Not  Applicable 

Not  Applicable 

Dissotvet)  Organic  Cartx)n 

mg/L 

60.3 

55.5  -  76J 

67.1 

Ammonia- Ammonium 

mg/L 

157 

83.8  -  95  J 

92.7 

Toial  Kcldjahl  Nilrogen 

mg/L 

159.8 

81.0  -  94.6 

90.6 

Noic 

1.              Dau  derived  from  composite  samples  taken  over  s«  days  between  June  6  to  June  27,  1991. 
by  ICI  Nitrogen  Products. 

Source:      Ref.  4. 

Data  were  provided 

Table  6 
Reported  Loading  Reductions                                              | 

PanuDcUr 

I  nadtng  Wltbool  Use  of  Stripper 

(kg/d) 

LowUng  with  Use  of  Stripper 

(k«/«l) 

Dissolved  Organic  Carbon 
Ammonia-aminonium 
Toul  kcldjahl  nitrogen 

30.4 
79J 
80.7 

10.0 
5.79 
7^9 

Note: 

1                Based  on  dau  collected  between  June  6  to  June  27,  1991,  provided  by  ICI  Nitrogen  Products. 

8.0 


CAPITAL  COSTS 


No  capital  cost  for  the  Braun  stripper  was  provided  by  ICI  Nitrogen  Products. 

The  cost  for  the  instaUation  of  the  condenser  unit  at  ICI  Nitrogen  Products  would  be 
around  $62,700.  This  capital  cost  of  the  condenser  was  determined  based  upon  costs 
provided  by  Nitrochem  Inc.  The  cost  breakdown  is  presented  in  Table  7. 

9.0  OPERATING  COSTS 

Operating  costs  were  not  provided  by  ICI  Nitrogen  Products.  They  indicated  that  the 
operating  costs  would  be  attributed  to  the  production  of  steam  only. 
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Table  7 
C    .1  Estimation  for  Steam  Condenser  for  Braun  Stripper  Steam 

licmc 

C««t($) 

Condenser 
InstaUation  (@  35%) 
Contingency  allowance  (@  30%) 
Engineering  (@  15%) 

32^00^ 
11.400 
9.800 
4,900 

Subtotal 

58,600 

GST  (@7%) 

4,100 

Total 

62,700 

Note: 

1.  Based  on  cost  equation,  and  costs  provided  by  NItrochem  (1991)  (Ref.  8). 

2.  ENR  CCl^  6343. 
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Table  A.l 

List  of  Canadian  Contacts  Made  In  Search  of  BAT  for  the 

Ontario  Inorganic  Chemical  Sector 

CjU*fory 

Name 

AnUlaUoD 

Dmte 

CsmmcoU 

Abrasives 
Manutaauring 

Richard  Chambers 
SlafT  Engineer, 
Pollution  Control 
(416)  295-4311 

Norton  Advanced 
Ceramics,  Niagara 
Falls,  Ontano 

Aug.  1,  1991 

loformatioo  on  Norton's  new  parent 
firm  in  France  was  requested.   Mr. 
Chambers  indicated  that  the  Tirm  is 
not  an  abrasrves  manufaaurer.   He 
also  provided  information  on  why 
non-contact  cooling  water  jackets 
arc  not  technically  feasible  in 
abrasrves  plants. 

Chemical  Cosi 
Infonnaiion 

Canada  Colours 
Ltd. 

Aug.  L991 

Called  to  obtain  treatment  chemical 

CtKtS. 

Dearbome 
Chemical  Company 
Ltd. 

Aug.  1991 

Called  to  obtain  treatment  chemical 
costs. 

Chlor-alkali 
Manufaciunng 

Oscar  Zamora 
Plant  Manager 

PPG  Chemicals 
Canada,  Ltd. 

July  1,  1991 

This  facility  was  recently  converted 
to  membrane  cell  technology.  They 
are  still  operating  their  sulphide 
precipitation  treatment  for 
decontamination  of  equipment  and 
a  storage  area.  A  site  visit  was 
scheduled  for  July  16,  1991. 

AJan  Pembenon 

Chemetics 

Information  collected  by  SAIC  was 
unavailable. 

Eve  Sharon 
(902)  755-1785 

CANSO  New 
Glascow,  Nova 
Scotia 

June,  1991 

Information  on  the  plant  processes 
and  wastewater  management 
systems  were  requested. 

Harry  Frank 
(604)  892-5274 

Canadian  Oxy 
Squeamish,  B.C. 

June,  1991 

Information  on  the  plant  processes 
and  wastewater  management 

General 
Search  for 
"Sister"  Plants 

Foreign  Desk  Officers 
(613)  993-6435 

External  AOaiis 
and  International 
Trade,  Ottawa, 
Ontario 

June  3,  1991 

Desk  officers  were  contacted  to  see 
if  they  could  facilitate  overseas 
oonucts  with  plants  of  inlcresL 
They  agreed  to  provide  contact 
names,  addresses  and  phone 
numbers  at  each  plant  identified  by 
CH2M  HILL,  through  Canadian 
officers  overseas. 

DereckYu 
Inorganic  Chemical 
Sector  Officer 
(414)  973-5159 

Industry,  Science 
and  Technology 
Canada 

June  3,  1991 

This  office  was  unable  to  assist  in 
identifying  or  contacting  "sister" 
plants  or  technologies  overseas. 

Frank  Johanson 
Europe,  Middle  East, 
South  Asia  Branch 
Senior  Consulunt 
(416)  325-6511 

Ontario  Ministry  of 
Industry,  Trade  & 
Technology, 
Toronto,  Ontario 

May  31,  1991 

This  office  was  unable  to  assist  in 
identifying  or  contacting  "sister' 
plants  or  technologies  overseas. 

Barry  Briscoe 
(204)  983-4811 

Environment 
Canada,  Winnipeg 
Office 

Apr.  4,  1991 

Mr.  Briscoe  was  asked  to  comment 
on  plants  with  potential  BAT  in 
Manitoba. 
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1                                                              Table  A.1 

List  of  Canadian  Contacts  Made  In  Search  of  BAT  for  the 
Ontario  Inorganic  Chemical  Sector 

Ctegonr 

Name 

AOUiaiion 

Dmie 

CMnmeots 

General 
Search  for 
"Sisjer"  Planii 
(œnl'd) 

Peter  Paine 
Program  Engineer 

Chemical 

Industries  Division, 
Industrial  Programs 
Branch, 
Environment 
Canada,  Ottawa. 
Onurio. 

Apr.  18,  1991 

Mr.  Paine  identified  potential  BAT 
plants  based  on  information  from 
all  Regional  Environment  Canada 
ofTices  in  Canada.  A  letter  was 
provided  that  summarized  the  list  of 
plants,  with  contacts. 

General 

Technology 

Information 

Paul  S.  Charles 

Wallace  &  Tierman 
Canada  Inc. 

Sept.  1991 

Mr.  Charies  provided  cost  and 
performance  information  on 
dechlorination  systems. 

R.  Standing 
Sales  Manager 

Dionex  Systems 
Brantford,  Ontario 

OcL  1991 

Mr.  Standing  provided  ion  exchange 
system  costs. 

A.  Pizans 

Laidlaw 

Environmental 

Systems 

Oct.  1991 

Mr.  Pizans  provided  hazardous 
waste  disposal  cost  information. 

A&A  Liquid  Waste 
Removal  Company 

Oct.  1991 

Liquid  industrial  waste  pick-up  and 
disposal  cost  information  was 
provided. 

Paul  Boron 

Calgon  Canada 

OcL  1991 

Cost  and  design  information  on 
GAC  conuctors  was  provided. 

Explosives 
Manufacturing 

Gord  Jorgenson 

ICI  Explosives 
Division,  North 
Yorlc 

July  31,  1991 

Mr.  Jorgenson  was  oontaaed  for 
information  on  the  ICI  explosives 
manufacturing  facility  in 
McMastervill,  P.Q.  The  plant  does 
not  manufacture  water  gel 
explosives  but  does  manufacture 
ANFO. 

Nitrogen 
Fertilizer 
Manufacturing 

Gordon  Collis 
Plant  Administrator 
(204)  729-2870 

Simplot  Canada, 
Brandon,  Manitoba 

June  7,  1991 
July  3,  1991 

Information  of  the  wastewater 
management  systems  at  the  facility 
was  provided  by  Mr.  CoUis.   Based 
on  this  information,  a  site  visit  was 
carried  ouL 

Don  McArthy 
Operations  Supervisor 
(403)  885-4010 

COMINCO  Joflre 
Nitrogen 
Operation,  Alberta 

May  31,  1991 

This  plant  only  produces  anhydrous 
ammonia.   No  process  wastewater  is 
discharged. 

Stu  BexlOQ 
General  Manager 
(403)  258-4600 

COMINCO, 
Calgaiy,  Albena 

May  31.  1991 

Small,  older  plant  that  produces 
urea,  anhydrous  ammonia  and 
ammonium  nitrate  solutions. 

PUnt  Specific 
Technologies 

Joshua  Bum 

Nitrochem  Inc., 
Maitland,  Ontario 

AugTSept. 
1991 

Mr.  Bumi  provided  information  on 
a  steam  stripping  system  cunently 
being  considered  for  Nitrochem. 

R.  Moll,  T.  Tulimowski 

ICI  Nitrogen 
Products,  Lambton 
Worlcs,  Ontario 

AugTSepL 
1991 

Information  on  a  steam  stripping 
and  surface  condenser  operation  at 
ICI  was  provided. 

TOR/1NORG3/972J1 
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Table  A-1                                                               1 

List  of  Canadian  Contacts  Made  In  Search  of  BAT  for  the                       1 

Ontario  Inorganic  Chemical  Sector                                         | 

da^ry 

Nunc 

AnUlatioD 

Déu 

C«inii>ents 

Plant  SpeciCc 
Technologies 
(cont'd) 

l_  Luciw 

General  Chemical 
Canada  Ltd.. 
Amhentburg, 
Ontario 

Dec  1991 

Heat  exchange  information  on  the 
barometric  condensers  at  the  plant 
was  provided. 

Sulphunc  Acid 
Manutactunng 

Dennis  Smerchanski 

Borden  Chemicals, 

Winnipeg, 

Manitoba 

May  31,  1991 

This  company  was  unwilling  to 
release  any  information  related  to 
wastewater  management. 
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Table  A^ 

List  of  U.S.  Contacts  Made  In  Search  for  BAT  for  the 

Ontario  Inorganic  Chemical  Sector 

CiU*goiy 

Name 

AmilaUoD 

Dale 

C«miDcnU 

Abrasives 
Manutaciuring 

George  Tasevski 
(716)  692^550 

ExoloD-ESK. 
BuOalo,  NY 

Aug.  19,  1991 

This  plant  gets  its  taw  material  trom  the 
Ontario  planL  There  is  no  fumadng 
operation,  as  they  only  crush,  grind  and 
classify  materials.  They  have  no  discharge 
permit 

Mark  Rollins 
Corporate  Health  & 
Safety  Director 
(508)  795-2584 

Norton 
Company, 
Worcester, 
Mass. 

Aug.  22,  1991 
Aug.  29,  1991 

Nonon  has  one  furnace  operation  in 
Alabama  which  is  'sister'  to  Nonon's 
Ontario  plant.  They  use  settling 
treatment,  similar  to  the  Ontario  plant. 

Dean  Venlurine 
(716)  278-6763 

Washington 
Mills,  Niagara 
Falls.  NY 

Aug.  16.  1991 

The  Niagara  Falls,  New  York  plant  has  a 
smaller  furnace  operation,  similar  to  the 
Washington  Mills  plant  in  Ontario. 
Treatment  includes  settling  in  a  concrete 
basin,  with  no  recycle  back  to  process. 

Aluminum 

Chloride 

Manufacturing 

Jerry  Vail 
Plant  Manager 
(713)  47^4321 

Witco 

Corporation, 
Argus  Division, 
Pearsall 
Products, 
Lapone,  TX 

Aug.  29,  1991 

Wastewater  treatment  at  this  plant 
includes  continuous  neutralization  and 
LlariDcation  of  effluents.   Clarifier  sludge 
is  thickened  and  landfilled.  Tirst  Qush" 
siormwater  is  also  collected  and  treated. 

Dave  Campbell 
(908)  859-2222 

Witco 
Corporation 

Aug.  29,  1991 

pH  adjustment,  polymer  addition  and 
clariTicalion  are  used  to  treat  process 
effluents,  primarily  scrubber  water,  prior 
to  discharge. 

Cartmn  Blacic 

William  Fleming 
(404)  399-8725 

Cabot  Corp. 
Atlanu,  GA 

June  25,  1991 
June  26,  1991 

These  calls  were  made  to  establish  why 
zero-discharge  could  not  be  achieved  at 
Ontario  or  U.S.  Cabot  plants.  The  water 
treatment  plant  at  the  Ontario  plants  was 
said  to  be  the  best  demonstrated  of  all 
Cabot  facilities.  Only  one  plant  in  the 
U.S.  does  not  discharge  process  water,  and 
is  located  in  Texas,  where  evaporation  is 
used. 

Tom  Ad  kins 
Corporate 
Environmental  Engineer 

Columbian 
Chemicals 

June  4,  1991 

He  reported  that  none  of  the  Columbian 
plants  use  wet  air  scrubbers.  Also, 
wastewater  management  practised  in 
Hamilton,  Ontario  represents  most  cturent 
technology  compared  to  other  Columbian 
plants  in  Nonh  America. 

Carbon 

Graphite 

Manufacturing 

David  Mieskowski 

Union  Carbide 
UCAR, 
Cleveland,  OH 

June  25,  1991 

Mr.  Mieskowski  provided  comment  on  all 
UCAR  plants  in  the  U.S. 
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Table  A.2 

List  of  U.S.  Contacts  Made  In  Search  for  BAT  for  the                            f 

Ontario  Inorganic 

Chemical  Sector                                           | 

Calctor? 

Name 

AflUlaUoo 

Dale 

C«iniDciil«                               1 

Chlor-aikali 

Chris  Manley 

Ocddenul 

July  25.  1991 



Thu  is  the  only  meroiiy  cell  plant  in  the 

ManuCaauhng 

Environmental  Manager 

Chemical  Co., 

VS.  not  using  sulphide  preapitatioa  for 

(205)  389-2200 

Muscle  Shoals, 
AL 

mercury  removal.  They  are  treating  with 
hydrazme  to  precipitate  memiry  a*  metal, 
and  and  then  filter  the  eflluenL   The 
performance  is  comparable  to  sulphide 
precipiuiion. 

Art  Duncan 

The  Chlonne 

May  21,  1991 

Mr.  Duncan  reported  that  16  of  17 

Plant  Operations 

Institute. 

operating  mercury  cell  plants  In  the  U.S. 

Specialist 

Washington,  DC 

use  sulphide  preapitaiion  for  wastewater 

(202)  r75-2790 

treatment,  and  indicated  the  name  of  the 
Occidental  Chemical  facility  in  Muscle 
Shoals.  The  Institute  do  not  provide 
names  of  conucts  at  member  plants. 

(908)225-4840 

LCP  Chemicals 

May  24,  1991 

A  conuct  at  the  LCP,  Solvay,  NY,  facility 

&  Plastics,  Inc., 

was  provided. 

Edison,  NJ 

Tim  Van  Domlen 

LCP  Chemicals, 

.  May  28,  1991 

This  plant  uses  sulphide  precipitation 

Manager  of 

Inc.  Sotvay,  NY 

Aug.  1.  1991 

followed  by  a  metcury-speciric  ion 

Environmental  Affairs 

exchange  resin  system  for  treating  ground 

(315)  487-J700 

water  from  an  old  mercury  cell  plant  bemg 
decommissioned.   Mr.  Van  Domlen 
provided  design  and  operating  information 
for  the  ion  exchange  system. 

Hydronuoric 

Jim  Cooper 

Allied-Signal 

June  15,  1991 

The  corporate  office  was  contacted  to 

acid/ChJoro- 

Director  of  Pollution 

Corp., 

learn  more  about  the  U.S.  operations  and 

Ouorocarbon 

Control 

Engineered 

identify  any  "sister'  plants  to  be  visited. 

ManuCaauhng 

(201)  455-5040 

Materials  Sector, 
Morristown,  NJ 

Alan  Roy 

Allied-Signal 

July  2,  1991 

Mr.  Roy  provided  information  on  Allied 

(804)  530-6155 

Corporation, 

July  12.  1991 

plants  in  Baton  Rouge  and  Geismar.  and 

ChesterQeld,  VA 

July  16,  1991 
July  22. 1991 

arranged  site  visits  to  these  plants. 

Explosives 

Lynn  Green 

Institute  of 

Apr.  23,  1991 

Ms.  Green  was  asked  to  identify  a  "sister" 

Manufacturing 

Manager  of 

Malcenof 

May  8,  1991 

plant  for  ETI  in  the  Ontario  sector.   Out 

Governmental  Aflaiis 

Explosives, 

of  29  member  plants,  only  the  ETI  plant 

(202)  429-9280 

Washington, 
D.C 

in  Seneca  was  identified  as  producing 
similar  producu  to  the  Ontario  plant. 

General 

Dr.  Thomas  Fielding 

VS.  EPA 

Mar.  21,  1991 

Dr.  Fielding  was  visited  in  person  to 

Search  for 

Industrial 

discuss  his  experiences  in  developing  the 

"Sister'  Plants 

Technology 
Division, 
Washington, 
D.C. 

VS.  inorganic  sector  regulation,  their 
implementation  and  changes  to  the 
regulation  since  implementation. 
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Table  k2 

List  of  U.S.  Contacts  Made  In  Search  for  BAT  for  the 

Ontario  Inorganic  Chemical  Sector 

CiUegofy 

Name 

AmUaUoo 

Dale 

C«iiiiDeols 

Industrial  Gas 
Manutaauring 

Bob  Bujalski 
(203)  794-2000 

Union  Carbide- 
Unde, 
Corporate 
Office,  Danbury, 

cr 

June  11,  1991 

Mr.  Bujalsiki  was  asked  about  BAT  for 
wastewater  pollution  at  their  many  gas 
plants  in  North  America.   He  identified 
the  elimination  of  chromate  based  water 
treatment  chemicals,  and  the  testing  of 
ozone  for  water  treatment  as  technology 
they  are  using.  Oil  and  grease  is  also  a 
concern  at  some  plants.    Gravity  oil 
separation,  and  possible  absorption  pads 
for  stormwater  are  used. 

Randy  Fletcher 
(716)  879-2431 

Union  Carbide- 
Unde,  NY 

July  30,  1991 
July  31,  1991 
Aug.  1,  1991 
Aug.  13,  1991 

Mr.  Fletcher  provided  an  overview  of 

65  Linde  sites  in  the  U.S.  At  some  plants 
with  specific  problems,  such  as  copper 
conumination,  treatment  Is  used.   With 
the  exception  of  ozone,  which  is  still  In  the 
developmental  stages,  potential  BAT  for 
the  Ontario  plants  was  not  identified. 

Mercury 
Removal 
Technologies 

David  Dally 
Marketing  Services 
Manager 
(609)  893-1100 

Sybron 

Chemicals,  Inc. 
Birmingham,  NJ 

Aug.  29,  1991 

The  company  was  called  to  obtain  price 
and  technical  information  on  their 
mercury  speciOc  ion  exchange  resins,  trade 
named  lONAC 

Nitrogen 
Fertilizer 
Manufacturing 

Karl  T.  Johnson 
(202)  675-8250 

The  Fertilizer 
Institute, 
Washington, 
D.C 

Apr.  15,  1991 

Mr.  Johnson  was  asked  about  nitrogen 
fertilizer  facilities  which  were 
demonstrating  advanced  wastewater 
management  technology  in  the  U.S.   He 
said  that  little  had  been  done  since  the 
late  1970s  when  regulations  were 
promulgated.  Several  names  of  plants  and 
contacts  of  potential  interest  to  the  study 
were  provided. 

George  Haney 
(913)  843-7300 

Farmland 
Industrial,  Inc., 
Lawrence, 
Kansas 

Apr.  16,  1991 

A  description  of  wastewater  management 
technologies  was  provided.   Methods 
include  in-plant  spill  prevention,  and 
aeration  of  equalization  lagoons  for  spill 
control. 

Tom  Carville 
(504)  473-8291 

CF  Chemicals, 
Inc., 

Donaldsonville, 
LA 

Apr.  23,  1991 

A  description  of  wastewater  management 
technologies  was  provided.   Methods 
include  collection  of  process  wastewaters 
for  production  of  urea  ammonium  nitrate 
solution,  in-plant  treatment  and  recycle  or 
reuse,  BMPs. 

Roy  Dugan 
(904)  994-5511 

Air  Products, 

Pensacola, 

Florida 

Apr.  18,  1991 

technologies  was  provided.   Methods 
include  biological  nitrogen  removal  in 
anaerobic  and  facultative  lagoons,  with  a 
system  HRT  of  90-120  days. 
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Table  k2 

List  of  U.S.  Contacts  Made  In  Search  for  BAT  for  the 

Ontario  Inorganic  Chemical  Sector 

CsUtory 

Name 

AflUlaUoo 

Dale 

Commeots 

Nitrogen 
Removal 
Technologies 

Irwin  Higgins 
(615)  48S-7424 

Lake  Industries, 
Inc.,  Oak  Ridge, 
TN 

July  31,  1991 

In  a  former  company  be  distributed  ion 
exchange  syueou  for  removing  ammonia 
from  nitrogen  fertilizer  plant  wastewater. 
Only  one  system  is  remaining  in  the  US. 

George  Attinson 
(601)  746-1131 

Mississippi 
Chemical  Co.. 
Mississippi 

July  31.  1991 

The  plant  had  previously  used  an  ion 
exchange  system  to  remove  150-180  mgA- 
ammonia-N  to  about  50  mg/L.   The 
backwashed  ammonium-nitrate  was  sold  as 
nitrogen  solutions. 

Gary  Steffens 
(913)  543-6571 

Mineral-Right, 
Inc., 

Phillipsburg, 
Kansas 

Sep.  2,  1991 

The  company  has  a  developmental  product 
for  ammonia  removal  using  natural  zeolite. 
It  is  not  commercially  available,  and  will 
be  intended  for  used  in  aquanums. 

Phosphate 
Manufactunng 
and  Gypsum 
Suck  Closure 

Dr.  Jim  Miller 
Corporate 

Environmental  Director 
(504)  582^239 

Freepon- 
McMoran,  New 
Orieans.  LA 

Sep.  4,  1991 

Some  information  was  provided  on  their 
gypsum  stacks,  and  runoff  management. 
Runoff  from  dosed  areas  is  subject  to 
U.S.  EPA  effluent  guideline  and  permit 
limiutions. 

Carl  Johnson 
Assistant  Vice  President 
Regulatory  Programs 
(202)  675-8250 

Fertilizer 
Institute. 
Washington,  DC 

Sep.  4.  1991 

Mr.  Johnson  reported  that  gypsum  stack 
closure  are  currently  exempt  from  RCRA 
and  a  regulatory  determination  has  not 
been  made.   He  reported  that  closure  was 
negotiated  as  part  of  final  arrangements 
along  with  permit  monitoring 
requirements. 

Dr.  Thomas  Fielding 
(202)  260-7156 

U.S.  EPA. 
Industrial 
Technology 
Division 
Washington,  DC 

Sep.  4,  1991 
Sep.  26,  1991 

Information  was  requested  on  U.S.  EPA 
requirements  for  closure  of 
phosphogypsum  stacks.  There  are  no 
specific  requirements  other  than  to 
stabilize  the  stacks  in  accordance  with 
prcTvisions  in  the  state  or  federal  discharge 
permit  and  treat  any  runoff  prior  to 
discharge. 

Salt  Removal 
Technologies 

T.  O'Ncail 

Resources 

Conservation 

Company, 

BeUevue, 

Washington 

Nov.  12,  1991 

Information  was  requested  on  costs  and 
performance  of  brine  concentrator 
systems. 
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Table  A3 

List  of  Overseas  Contacts  Made  in  Search  of  BAT  for  the                         i 

Ontario  Inorganic  Chemical  Sector                                           | 

CltfOTy 

Name 

AnUUUoo 

Dale 

ConuDcnto                           | 

Abrasives 

Hen-  Donauer 

Huls  AG  (fonnerty 

Aug.  13,  1991 

This  plant  is  not  a  'sisiei'  to  the  Ooiario    | 

Manufacturing 

49-2208-69672 

Dyanmit  Nobel), 
Lulsdorf 
Niedertassel, 
Germany 

processes  include  a  "txjwer  biology* 
technology  developed  by  Bayer  AG  for 
organjcs  removal. 

Chlor-alkali 

Mr.  J.  Heerdink 

Akzo  Salt  and 

July  26,  1991 

Mr.  Heerdink  sent  a  letter  containing 

Manufacturing 

Basic  Chemicals 
Nederiand  bv 

published  information  on  the  Imac  TMR 
ion  exchange  process  for  mercury 
removal 

Cyanamide 

Mr.  Weinzacpfel 

Société  Chimique 

Aug.  1991 

After  several  calls  and  conucts  with 

Products 

Manager  for  Water 

de  la  Gratid 

vanous  people  at  the  company  and  head 

Manufacturing 

Treatment  and 

Paroisse  SA, 

ofTice,  they  responded  that  they  were 

Environment 

France 

unable  to  provide  any  infonnation  for  the 

33-1-4555^30 

study. 

General 

Herr  Tremel 

Abwasscr 

Aug.  15,  1991 

This  organization  assists  its  members  in 

Search  for 

49-2241-2320 

Technische 

developing  wastewater  systems  for 

BAT 

Vereinigung 

(Wastewater 

Technical 

Association), 

Germany 

specific  industries  and  is  similar  to  a 
trade  association.   Information  on 
technologies  for  various  industries  and 
suppliers  was  obtained. 

MaxJmillian  Gege 

B.A.U.M., 

Aug.  30,  1991 

This  organization  is  an  environmental 

Executive  Director 

Germany 

association  but  deals  with  'global'  issues 

49-40-810-101 

like  ozone  layer,  global  wanning,  etc 

Mr.  Baeler 

Belgian  Federation 

Sep.  9,  1991 

Mr.  Baeler  explained  the  regulatory 

010-32-2-238-9711 

of  Chemicals 
Indusliy 

situation  with  respect  to  wastewater 
discharges  from  fertilizer  industries  in 
Belgium. 

Bemd  Mehlhoni 

UmwclibuDdesamt, 

July  17.  1991 

In  response  to  a  letter  request  for 

Gennany 

information,  this  organization  sent  a  list 
of  inorganic  chemical  manufaauring 
plants  in  Germany,  a  paper  on 
wastewater  treatment  procedures  and  the 
German  minimum  requirements  for 
discbarpng  of  wastewater  from  the 
Chemical  Industry. 

Hiroshi  Uyama 

Japan  Technical 

After  a  telephone  conversation,  a  letter 

Information 

was  written  to  Mr.  Uyama  asking  for 

Centre, 

information  on  several  plants  identified 

Washington,  D.C. 

from  the  SRI  Directoiy.   He  was  to 
forward  the  request  to  contacs  in  Japan. 
Several  foUow-up  calls  were  made; 
however,  no  response  was  received. 
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Table  A  J 

List  of  Overseas  Contacts  Made  in  Search  of  BAT  for  the 

Ontario  Inorganic  Chemical  Sector 

Ctdttorj 

Nunc 

AflUiatioa 

DaU 

Commmls 

Hydronuonc 

Acid 

ManuCactunng 

Doktor  Hcppcl 
49-«151-722-929 

E  Merck, 
Germany 

Aug.  31,  1991 

This  plant  produces  hydroQuoric  add  as 
well  ai  phannaceuticaJ  and  a  variety  of 
other  cbetnicats  on  site.  They  have 
combined  wastewater  ireaimenL 

Herr.  Hermey 
49-0208-«59-990 

Norsk  Hydro, 
Germany 

Sep.  2,  1991 

The  hydronuonc  acid  manuCactunng 
process  at  this  plant  docs  not  discharge 
any  wastewater. 

Nitrogen 
Fcnilizer 
ManuCaciuring 

Alain  Mullier 
Site  Manager 
32-65-641917 

Kemira,  Belgium 

Aug.  31,  1991 

They  were  unable  to  provide  any 
information  to  assist  with  the  study. 

W.  Van  den  Heuvel 

BASF,  Ajitwerp 

Oct.  10,  1991 

They  provided  limited  information  on  the 
internal  recycle/reuse  processes  to  reduce 
the  discharge  of  ammonia  with 
wastewater. 

Srxla  Ash 

(Solvay) 

Process 

Chemische  Fabrik 
Kalk  GMBH, 
Germany 

June  25,  1991 

In  response  to  a  request  for  information 
on  their  plant,  they  sent  a  letter  replying 
that  they  were  unable  to  participate  in 
the  study. 

Mr.  Degrooi 
32-71^9337 

Solvay,  Belgium 

Aug.  19,  1991 

Mr.  Degroot  was  unable  to  provide 
information  on  plant  or  processes 
without  the  permission  of  the  corporate 
office. 

Dr.  Meuller 
43-6133-S411211 

Solvay  Osterreicb 
GmbH,  Austria 

Aug.  13,  1991 

Response  similar  to  above. 

Doktor  Schneider 
49-411-8572321 

Deulche  Solvay 
Werke,  Germany 

Aug.  29,  1991 

Response  similar  to  above. 

Dr.  Kogelnig 

Solvay,  Head 
OfTice,  Brussels, 
Belgium 

Sep.  23.  1991 

They  provided  limited  information  on 
eCDuents  limits  at  three  European  plants. 

Mr.  Hecrdink 

Akzo  Salt  &  Basic 
Chemicals,  Belgium 

They  only  have  one  Solvay  plant,  and  it 
discharges  to  the  sea. 
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APPENDIX  B 
Key  Words  Used  in  Computerized  Literature  Search 


Table  B.l 
Key  Words  Used  in  Computerized  Literature  Search                            || 

SETl 

Manufacturer*  or  industry  or  plant 

SET  2 

Water  or  wastewater  or  eflluent* 

SET  3 

Inorganic  (f)^  chemical  and  SET  1  and  SET  2 

SET  4 

Hydrofluoric  and  SET  1  and  SET  2 

SET  5 

Hydrochloric  and  SET  1  and  SET  2 

SET  6 

Chlonne  and  SET  1  and  SET  2 

SET  7 

Chloronuorcarbon  or  CFC  and  SET  1  and  SET  2 

SETS 

Carbon  (f)  black  and  SET  1  and  SET  2 

SET  9 

Explosive*  and  SET  1  and  SET  2 

SET  10 

Calcium  (f)  carbide  and  SET  1  and  SET  2 

SET  11 

Abrasive*  and  SET  1  and  SET  2 

SET  12 

(Fibre  and  glass)  or  (fibre  (f)  glass)  or  (insulation  (f)  fibre)  and  SET  1  and  SET  2 

SET  13 

Fertilizer  and  SET  1  and  SET  2 

SET  14 

(Soda  (0  ash)  and  sohray  and  SET  1  and  SET  2 

SET  15 

Chlor(f)  alkali  and  mercury  and  SET  1  and  SET  2 

SET  16 

Phosphate  and  SET  1  and  SET  2 

SET  17 

Phosphogypsum  and  SET  1  and  SET  2 

SET  18 

Cyanamide  and  SET  1  and  SET  2 

SET  19 

Aluminum  (f)  chloride  and  SET  1  and  SET  2 

SET  20 

Ruoride  and  SET  2 

SET  21 

Mercury  and  SET  2 

SET  22 

Chloride  and  SET  2 

SET  23 

Phosphate  and  SET  2 

SET  24 

Aluminum  and  SET  2 

SET  25 

Ammonia  or  nitrate  and  SET  2 

SET  26 

Organic  and  SET  2 

SET  27 

Inorganic  and  SET  2 

SET  28 

Metal*  and  SET  2 

SET  29 

(best  (f)  available  (f)  technology*)  and  SET  2 

SET  30 

(best  (f)  management  (f)  practices)  and  SET  2 

Noies: 

1.              ({ 

)  -  followed  by. 
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